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onist action, is effective for preventing or treating diabe- 
tes mellitus and diabetic complications, and is repre- 
sented by the formula (I): 




(wherein represents e.g. an amino group which may 
be substituted with an alky! group; R2 represents e.g. 
hydrogen atom, an alkyi group, a cycloalkyi group or an 
alkyi group, alkenyl group or alkynyl group which may 
be substituted with hydrox etc.; represents e.g. an 
optionally substituted alkyi group, alkenyl group, alkynyl 
group, aryl group, heteroaryl group, pyridinone group, 
pyrimidinone group or piperadlnone group; Ar repre- 
sents e.g. an optionally substituted aryl or heteroaryl 
group; and Q and W are the same as or different from 
each other and each represents N or CH), a pharmaco- 
logically acceptable salt or hydrates thereof. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a novel purine compound having a hypoglycemic action and a glucose tol- 
erance improving action on the basis of an inhibitory action on glucose production and a promoting action on glucose 
utilization at the periphery and to a preventive or therapeutic agent for diabetes mellltus and diabetic complications 
comprising the purine compound. More specifically, it relates to a novel purine compound which is an adenosine A2 
receptor antagonist and to a preventive or therapeutic agent for diabetes mellltus and diabetic complications on the 

10 basis of an adenosine A2 receptor antagonist action. 

Prior Art 

[0002] With regard to therapeutic agents for diabetes mellltus, various biguanlde compounds and suflonyiurea com- 
15 pounds have been used. However, the biguanide compounds induce lactic acidosis and, therefore, their use Is limited 
while the sulfonylurea compounds often result in severe hypoglycemia due to their strong hypoglycemic action and, 
therefore, their use is to be careful. 

[0003] Diabetic complications are recognized in the eyes, l^idney, nervous system, cardiovascular system, skin etc., 
and frequently occurring complications specific to diabetes mellltus Include retinopathy, nephrosis and neuropathy. It 

20 is considered that these complications are reduced generally by achieving blood sugar controlled at the normal level 
or thereabout ("Saishin Igaku Daijiten" (Newest Medical Large Dictionary) published in 1988 by Ishiyaku Shuppan). A 
major factor for diabetic retinopathy (particularly proliferating retinopathy) is angiogenesis, and activation of an ade- 
nosine A2 receptor promotes angiogenesis in the retina due to low oxygen (Takagi, H. et al.. Invest. Ophthalmol. Vis. 
Sci., 37, 1311-1321 and 2165-2176 (1996)). 

25 [0004] Adenosine is a nucleoside widely existing in living body and has a physiological action on the cardiovascular 
system, central nervous system, respiratory system, kidney, immune system, etc. The action of adenosine Is achieved 
via at least four receptors - A1 , A2a, A2b and A3 - in which G protein participates (Fredholm, B. B. et a!., Pharmacol. 
Rev., 46, 143-156, 1994). in 1979, adenosine receptor was at first classified into Al and A2 on the basis of their 
pharmacological action and participation in adenylate cyclase (Van Calker, D. et al., J. Neurochem., 33, 999-1003, 

30 1979). Then A2 receptor has classified into the subtypes of A2a and A2b on the basis of high and low affinity for 
adenosine and for adenosine A2 agonists, i.e. NECA and CGS-21 680 (Burns, R. F. et al., Mol. Pharmacol., 29, 331 -346, 
1986; Wan, W. et al., J. Neurochem., 55, 1763-1771 , 1990). Although gradually, physiological and pathological signif- 
icance of those receptors has been clarified in the central nervous system, circulatory system, etc. 
[0005] With regard to glucose metabolism, the following reports have been available. In an experiment using skeletal 

35 muscles, adenosine lowers the insulin sensitivity due to an agonistic action on the Al receptor suppressing the glucose 
uptake while an Al receptor antagonist Increases the insulin sensitivity (Challis, R. A., Biochem., J., 221 , 915-917, 
1984; Challis, R. A., Eur. J. Pharmacol., 226, 121-128, 1992). In adipocytes, adenosine enhances the sensitivity of 
insulin via an A1 receptor, whereby glucose uptake is promoted (Vannucci, S. J., 288 , 325-330, 1992). Further, WO 
95/18128 and WO 98/03507 disclose a therapeutic agent for diabetes mellltus comprising an Al receptor antagonist. 

40 Thus, there have been many reports on an Al receptor. With regard to an adenosine A2 receptor, there is a simple 
description in WO 97/01551 suggesting a therapeutic agent for diabetes mellltus comprising the A2a receptor antag- 
onist although any ground is not mentioned at all. In TIPS., 14^, 360-366, 1993, participation of the adenosine A2 
receptor in the promotion of gluconeogenesis In hepatic cells is suggested but there is no specific description at all. 
On the contrary, WO 98/01459 describes a therapeutic agent for diabetes mellitus comprising the A2 receptor agonist 

45 but there Is no description of the adenosine A2 receptor antagonist at all. As such, the positioning of the adenosine 
A2 receptor antagonist as a therapeutic agent for diabetes mellitus has been in a chaotic state. 
[0006] The object of the present invention is to provide a preventive or therapeutic agent for diabetes mellitus and 
diabetic complications on the basis of a new action mechanism which is different from that of conventional biguanide 
compounds and sulfonylurea compounds having several limitations in actual use. 

50 

Disclosure of Invention 

[0007] As a result of extensive study, the present inventors found that an adenosine receptor antagonist serves as 
a new type of a preventive or therapeutic agent for diabetes mellitus. That is, hyperglycemia in spontaneous diabetic 
55 mice was improved by the adenosine receptor antagonist. This action was estimated to attributable to the inhibitory 
action of the antagonist on both glycogenolysis reaction and gluconeogenesis in the liver promoted by endogenous 
adenosine. On the basis of this finding, they searched for compounds having an excellent hypoglycemic action and 
glucose tolerance improving action as a preventive or therapeutic agent for diabetes mellitus, and as a result, they 
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found novel condensed imidazole compounds represented by the following formula (I). As a result of further extensive 
study for their action mechanism, they found that among adenosine receptor antagonism, an adenosine A2 receptor 
antagonism is an essential factor for the hypoglycemic action and glucose tolerance improving action, and they arrived 
at use of the adenosine A2 receptor antagonist as a new type of a preventive or therapeutic agent for diabetes mellitus 
and diabetic complications, and the present invention was thereby completed. 

[0008] The novel condensed imidazole compound of the present Invention Is a condensed imidazole compound 
represented by the folbwing formula (1): 




(wherein represents 1 ) hydrogen, 2) hydroxy!, 3) a halogen atom, 4) an optionally substituted C1 -C8 alkyl group or 
5) formula -NR'^R^ (wherein R"^ and R^ are the same as or different from each other and each represents hydrogen, a 
C1 -C8 alkyl group, a C3-C8 cycloalkyi group, or a C2-C5 saturated cyclic amino group which is formed with the nitrogen 
to which they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the nitrogen and may be 
substituted with a C1-C4 alkyl group which may be substituted with a halogen atom; represents 1) hydrogen, 2) a 
halogen atom, 3) formula -NR6R7 (wherein RS and R7 are the same as or different from each other and each represents 
hydrogen, a C2-C5 acyl group, a C1-C8 alkyi group or a C3-C8 cycloalkyi group, or R^ and R^ represent a C2-C5 
saturated cyclic amino group which is formed with the nitrogen to which they bind, whereupon this ring may contain 
oxygen, sulfur or nitrogen other than the said nitrogen and may be substituted with a C1 -C4 alkyl group which may be 
substituted with a halogen atom), 4) a C2-C8 alkynyl group which may be substituted with a halogen atom, hydroxyl, 
a C1-C4 alkyl group or a C3-C6 cycloalkyi group, 5) a C3-C8 alkenyl group which may be substituted with a halogen 
atom, hydroxyl or a C1 -C4 alkyl group, 6) a C1 -C8 alkyl group which may be substituted with a halogen atom, hydroxyl 
or a C1 'C4 alkyl group or 7) a C1 -C8 alkoxy group which may be substituted with a halogen atom, hydroxyl or a C1 -C4 
alkyl group; R^ represents 1) a C3-C8 alkynyl group which may be substituted with a halogen atom, hydroxyl or a 
C1-C4 alkyl group, 2) a C3-C8 alkenyl group which may be substituted with a halogen atom, hydroxyl or a CI -04 alkyl 
group, 3) a C1-C8 alkyl group which may be substituted with a halogen atom, hydroxy or a C1 -C4 alkyl group, 4) an 
optionally substituted aryi group, 5] an optionally substituted heteroaryl group, 6) a 1 ,2-dihydro-2'Oxopyrldyl group 
which may be substituted with a) a halogen atom or a C1-C6 alkyl group, and whose nitrogen atom may further be 
substituted with b-1) a C1-C6 alkyl group which may be substituted with a halogen atom, hydroxyl or an optionally 
protected carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-C1 -C4 alkyl group or b-3) an optionally sub- 
stituted C3-C6 cycloalkyi group, 7) a dihydroxopyrimidyl group which may be substituted with a) a halogen atom or a 
C1-C6 alkyl group, and whose nitrogen atom Is further substituted with b-1) a C1-C6 alkyl group which may be sub- 
stituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted C3-C6 
cycloa!kyl-C1-C4 alkyl group or b-3) a C3-C6 cycloalkyi group or 8) a dihydroxo- or tetrahydrodioxopyrazinyl group 
which may be substituted with a) a halogen atom or a C1 -C6 alkyl group, and whose nitrogen atom is further substituted 
with b-1) a C1-C6 alkyl group which may be substituted with a halogen atom, hydroxyl or an optionally protected 
carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-CI -C4 alkyl group or b-3) a C3-C6 cycloalkyi group; 
Ar represents 1) an optionally substituted aryi group, 2) an optionally substituted heteroaryl group, 3) an oxopyridyl 
group which may be substituted with a halogen atom or a C1-C6 alkyl group, and whose nitrogen atom is further 
substituted with a C1-C6 alkyl group or a C3-C6 cycloalkyi group or 4) an oxopyrlmidyl group which may be substituted 
with a halogen atom or a C1-C6 alkyl group, and whose nitrogen atom is further substituted with a C1-C6 alkyl group 
or a C3-C6 cycloalkyi group; and Q and W are the same as or different from each other and each represents N or CH, 
provided that when R^ is 4) a C2-C8 alkynyl group which may be substituted with a halogen atom, hydroxyl, a CI -C4 
alkyl group or a C3-C6 cycloalkyi group, 5) a C3-C8 alkenyl group which may be substituted with a halogen atom, 
hydroxyl or a 01 -04 alkyl group or 6) a 01-08 alkyl group which may be substituted with a halogen atom, hydroxyl or 
a 01-04 alkyt group, R3 is not 3) a 01-08 alkyl group which may be substituted with a halogen atom, hydroxy! or a 
CI -04 alkyl group or 4) an optionally substituted aryi group), a pharmacologically acceptable salt thereof or hydrates 
thereof; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
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thereof, wherein is hydrogen atom; 

the above-mentioned condensed imidazole compound, a pharmacologicaiiy acceptabie sait thereof or hydrates 
thereof, wherein represents 1) an optionally substituted heteroaryl group, 2) a 1 ,2-dlhydro-2-oxopyridyl group 
which may be substituted with a) a halogen atom or a C1-C6 alky! group, and whose nitrogen atom may further 
be substituted with b-1 ) a C1 -C6 alkyi group which may be substituted with a halogen atom, hydroxy I or an optionally 
protected carboxyl group, b-2) an optionally substituted C3-C6 cycioalkyl-C1 -C4 alkyI group or b-3) an optionally 
substituted C3-C6 cycloalkyi group. 3) a dihydroxopyrimidyl group which may be substituted with a) a halogen 
atom or a C1 -C6 alkyI group, and whose nitrogen atom Is further substituted with b-1 ) a C1 -C6 alky! group which 
may be substituted with a halogen atom, hydroxyl, or an optionally protected carboxyl group, b-2) an optionally 
substituted C3-C6 cycloalkyl-C1-C4 alkyI group or b-3) a C3-C6 cycloalkyi group, or 4) a dihydroxo or tetrahydro- 
dioxopyrazinyl group which may be substituted with a) a halogen atom or a Cl -C6 alkyi group, and whose nitrogen 
atom is further substituted with b-1 ) a C1 -C6 alkyi group which may be substituted with a halogen atom, hydroxyl 
or an optionally protected carboxyl group, b-2) an optionally substituted C3-C6 cyck)alkyl-C1 -C4 alkyi group, or b- 
3) a C3-C6 cycloalkyi group; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein . R3 represents 1) an optionally substituted pyridyl group, 2) an optionally substituted pyrimidyl 
group, 3) a 1 .2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a C1-C6 alkyi 
group, and whose nitrogen atom is further substituted with b-1 ) a C1 -C6 alkyi group which may be substituted with 
a hatogen atom, hydroxyl or an optionally protected carboxyl group; b-2) an optionally substituted C3-C6 cy- 
cloalkyl-CI -C4 alkyi group; or b-3) an optionally substituted C3-C6 cycloalkyi group, or 4) a dihydroxopyrimidyl 
group which may be substituted with a) a halogen atom or a CI -C6 alkyi group, and whose nitrogen atom is further 
substituted with b-1 ) a C1 -C6 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally 
protected carboxyl group; b-2) an optionally substituted C3-C6 cyctoalkyl-C1 -C4 alkyi group; or b-3) a C3-C6 cy- 
cloalkyi group; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein Ar is an optionally substituted aryl; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptabie salt thereof or hydrates 
thereof, wherein Ar is a phenyl substituted with a halogen atom; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein R'' is represented by the formula -NR^RS (wherein R^ and R5 are the same as or different from 
each other and each represents hydrogen, a CI -C8 alkyi group or a C3-C8 cycloalkyi group, or a C2-C5 saturated 
cyclic amino group which is formed with a nitrogen atom to which they bind, whereupon this ring may contain 
oxygen, sulfur or nitrogen other than the nitrogen and may be substituted with a 01 -C4 aikyi group which may be 
substituted with a halogen atom; 

the above-mentioned condensed Imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein R1 is amino; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein is amino; R^ is hydrogen; and R^ is 1) a pyridyl group which may be substituted with hydroxyl 
or a C1-C6 alkyi group or 2) a 1 ,2-dihydro-2-oxopyrldyl group which may be subs tituted with a) a halogen atom 
or a 01 -06 alkyi group, and whose nitrogen atom may further be substituted with b-1 ) a 01 -06 alkyi group which 
may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group; b-2) an optionally 
substituted 03-06 cycloalkyl-C1-C4 alkyi group; or b-3) an optionally substituted 03-06 cycloalkyi group; 
the above-mentioned condensed imidazole compound, a pharmacologically acceptabie salt or hydrates thereof, 
wherein Q or W is N; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein R1 is amino. R^ Is hydrogen, and R^ is a 1 ,2-dihydro-2-oxopyridyl group whose nitrogen may be 
substituted with a 01 to 06 alkyi group which may be substituted with a halogen atom; 

the above-mentioned condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein R^ is amino, R^ is a C2 alkynyl group which is substituted with hydroxyl group and a 04-06 
cycloalkyi group, R^ is a 03 alkenyi group, and Ar is a phenyl substituted with a halogen atom; and 
the above-mentioned condensed imidazole compound, which is selected from the following group: 

1) 5-[6-amino-8-(3-fiuorophenyl)-9 H-9-purinyl]-1-methyl-1, 2-dlhydro-2-pyridinone; and 

2) 1 -{2-[6-amino-8-(3-fluorophenyi)-9-(2-propenyl)-9 H-2-purinyl]-1 -ethynyl}-1 -cyclobutanol, 

a pharmacologically acceptable salt thereof or hydrates thereof. 



The present invention provides the condensed imidazole compound of the above formula (I), a pharmaco- 
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logically acceptable salt thereof or hydrates thereof, which is a purine compound wherein each of Q and W Is a nitrogen 
atom. Further, the present invention provides the condensed imidazole compound of the above formula (1), a pharma- 
cologically acceptable salt thereof or hydrates thereof, which Is a benzolmidazol compound wherein each of Q and W 

is -CH. Further, the present invention provides the condensed imidazole compound of the above formula (I), a phar- 
macologically acceptable salt thereof or hydrates thereof, which is an imidazopyridine compound wherein one of Q 
and W is N, and the other is -CH. 

[0010] The present Invention provides an agent for preventing or treating diabetes mellitus, which comprises the 
above condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates thereof as the active 
ingredient; an agent for preventing or treating diabetic complications, which comprises the above condensed imidazole 
compound, a pharmacologically acceptable salt thereof or hydrates thereof as the active ingredient; an agent for pre- 
venting or treating diseases against which the above condensed imidazole compound, a pharmacologically acceptable 
salt thereof or hydrates thereof is effective; an agent for preventing or treating diabetic retinopathy, which comprises 
the above condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates thereof as the 
active ingredient; an adenosine A2 receptor antagonist comprising the above condensed imidazole compound, a phar- 
macologically acceptable salt thereof or hydrates thereof; and a pharmaceutical composition comprising the above 
condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates thereof and a pharmacolog- 
ically acceptable carrier. 

[0011] The present invention provides a method of preventing or treating diabetes mellitus, diabetic complications, 
diabetic retinopathy or diseases against which the above-mentioned condensed imidazole compound, a pharmaco- 
logically acceptable salt thereof or hydrates thereof is effective, or diseases against which an adenosine A2 receptor 
antagonism is effective, by administering a pharmacologically effective amount of the above-mentioned condensed 
imidazole compound, a pharmacologically acceptable salt thereof or hydrates thereof. 

[0012] Further, the present Invention provides use of the above-mentioned condensed imidazole compound, a phar- 
macologically acceptable salt thereof or hydrates thereof which is used for producing a preventive or therapeutic agent 
for diabetes mellitus, diabetic complications, diabetic retinopathy or diseases against which the above-mentioned con- 
densed imidazole compound, a pharmacologically acceptable salt thereof or hydrates thereof is effective, or an ade- 
nosine A2 receptor antagonist. 

[0013] The present invention relates to a useful intermediate for synthesis of the compound of the present invention, 
that Is, 5-amlno-1-methyl-2(1H)-pyridone oxalate represented by the following formula: 



processes for producing the compound of the present Invention and a synthetic Intermediate of the compound 
of the present invention, that is, a process for producing an acylaminopyridine compound (A3) represented by the 
following formula: 





(A3) 



(wherein L^ R^, R^, Ar, Q and W have the same meanings as defined below, respectively), a salt thereof or hydrates 
thereof, which comprises allowing an aminopyridine compound (A2) represented by the following formula: 
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(A2) 

(wherein represents a halogen atom; R2 represents 1) hydrogen, 2) a halogen atom, 3) formula -NR^R^ (wherein 
R3 and are the same as or different from each other and represent hydrogen, a C2-C5 acyl group, a C1-C8 alkyi 
group or a C3-C8 cycloalkyi group, or R^ and R^ represent a C2-C5 saturated cyclic amino group which is formed with 
a nitrogen atom to which they bind, whereupon this ring may contain an oxygen atom, a sulfur atom or a nitrogen atom 
other than the nitrogen atom and may be substituted with a C1 -C4 alkyI group which may be substituted with a halogen 
atom), 4) a C2-C8 alkynyl group which may be substituted with a halogen atom, hydroxyl, a C1-C4 alkyI group or a 
C3-C6 cycloalkyi group, 5) a C3-C8 alkenyl group which may be substituted with a halogen atom, hydroxyl or a C1 -C4 
alkyi group, 6) a C1-C8 alkyt group which may be substituted with a habgen atom, hydroxyl or a C1-C4 alkyi group, 
or 7) a C1 -C8 alkoxy group which may be substituted with a halogen atom, hydroxyl or a C1 -C4 alkyi group; R^ rep- 
resents 1) a C3-C8 alkynyl group which may be substituted with a halogen atom, a hydroxyl group or a C1-C4 alkyi 
group, 2) a C3-C8 alkenyl group which may be substituted with a halogen atom, a hydroxyl group or a C1-C4 alkyi 
group, 3) a CI -C8 alkyi group which may be substituted with a halogen atom, a hydroxyl group or a CI -C4 alkyi group, 
4) an optionally substituted aryl group, 5) an optionally substituted heteroaryl group, 6) a 1 ,2-dihydro-2-oxopyridyl group 
which may be substituted with a) a halogen atom or a C1-C6 alkyi group, and whose nitrogen atom may further be 
substituted with b-1) a C1-C6 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally 
protected carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-C1 -C4 alkyi group or b-3) an optionally sub- 
stituted C3-C6 cycloalkyi group, 7) a dihydroxopyrimidyl group which may be substituted with a) a halogen atom or a 
C1-C6 alkyi group, and whose nitrogen atom is further substituted with b-1) a C1-C6 alkyi group which may be sub- 
stituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted C3-C6 
cycloalkyl-C1 -C4 alkyi group or b-3) a C3-C6 cycloalkyi group or 8) a dihydroxo or tetrahydrodioxopyrazinyl group 
which may be substituted with a) a halogen atom or a CI -C6 alkyi group and whose nitrogen atom is further substituted 
with b-1) a C1-C6 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally protected 
carboxy, b-2) an optionally substituted C3-C6 cycloalkyl-C1-C4 alkyi group, or b-3) a C3-C6 cycloalkyi group; and Q 
and W are the same as or different from each other and each represents N or CH), to react with an acyl compound 
represented by the formula ArCOX (wherein X represents a halogen atom; and Ar represents 1 ) an optionally substituted 
aryl group, 2) an optionally substituted heteroaryl group, 3) an oxopyridyl group which may be substituted with a halogen 
atom or a C1-C6 alkyi group and whose nitrogen atom is substituted with a C1-C6 alkyi group or a C3-C6 cycloalkyi 
group, or 4) an oxopyrimidyl group which may be substituted with a halogen atom or a C1-C6 alkyi group and whose 
nitrogen atom is substituted with a C1-C6 alkyi group or a C3-C6 cycloalkyi group); 

a process for producing an acylaminopyridine compound (A3) represented by the following formula: 




(A3) 

(wherein U, R^, R^, Ar, Q and W have the same meanings as defined above, respectively), a salt thereof or 
hydrates thereof, whrch comprises albwing an aminopyridine compound (A2) represented by the following formula: 
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NH2 



NHR^ 



(A2) 



(wherein U, R2, R3, Q and W have the same meanings as defined above, respectively) to react In the presence 
of pyridine with an acyl compound represented by the formula ArCOX (wherein X and Ar have the same meanings 
as defined above, respectively) ; 

the above-mentioned process for producing an acylamlnopyrldine compound (A3), a salt thereof or hydrates there- 
of, wherein Is an N-C1-C8 alkyl-2-oxopyrimidinyl group; 

a process for producing an imidazopyrldine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 



(wherein L^, R^, R^, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
subjecting an acylaminopyridine compound (A3) represented by the following formula: 



(wherein U, R^, R^, Ar, Q and W have the same meanings as defined above, respectively) to ring-closure reaction 
in the presence of POCI3; 

a process for producing an imidazopyrldine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 




(A4) 




1 



(A3) 




1 



(A4) 



8 
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(wherein L\ R^, R3, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
subjecting an acylaminopyrldine compound (A3) represented by the following formula: 




(A3) 

(wherein U, R2 R3, Ar, Q and W have the same meanings as defined above, respectively) to ring-closure reaction 
in the presence of hydrochloric acid or using hydrochloride of an acylaminopyrldine compound (A3); 
a process for producing an imidazopyridine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 




(wherein U, R^, R3, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
subjecting an acytaminopyridine compound (A3) represented by the following formula: 




(A3) 

(wherein U , R^, R3, Ar, Q and W have the same meanings as defined above, respectively) to ring-closure reaction 
in NMP (1-methyl-2-pyrrolldone) under heating; 

the above-mentioned process for producing an imidazopyridine compound (A4), a salt thereof or hydrates thereof, 
wherein is an N-C1-C8 alky 1-2 -oxopyridinyl group; 

a process for producing an imidazopyridine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 
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(A4) 

(wherein L^ R^, R3, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
allowing an aminopyridine compound (A2) represented by the following formula: 




(A2) 

(wherein L'', R^, R^, Q and W have the same meanings as defined above, respectively) to react with an acyl 
compound represented by the formula ArCOX (wherein X and Ar have the same meanings as defined above, 

respectively); and then subjecting the product to ring-closure reaction; 

the above-mentioned process for producing an imidazopyridine compound (A4), a salt thereof or hydrates thereof, 
wherein the aminopyridine compound (A2) is converted in one-pot reaction into the imidazopyridine compound 
(A4); 

a process for producing an aminoimidazopyridine compound (A5), a salt thereof or hydrates thereof represented 
by the formula: 




(A5) 

(wherein V, R^, R^, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
aminating an imidazopyridine compound (A4) represented by the following formula: 




(wherein L\ R^, R^, Ar, Q and W have the same meanings as defined above, respectively); 
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the above-mentioned process for producing an aminoimidazopyridine compound (A5), a salt thereof or hydrates 
thereof, wherein ts an N-C1-C8 all^yl-2-oxopyridinyl group; and 

a process for producing an imidazopyrldine compound (C3), a salt thereof or hydrates thereof represented by the 
formula: 




(wherein R^^ means a C1-C6 alkyl group which may be substituted with a halogen atom, hydroxy! or an optionally 
protected carboxyl group, an optionally substituted C3-C6cycloaIkyl-C1 -C4 alkyl group, or an optionally substituted 
C3-C6 cycloalkyi group; and R^ the formula: 




R2, Ar, Q and W have the same meanings as defined above, respectively), which comprises alkylating an imida- 
zopyrldine compound (C2) represented by the following formula: 




(wherein R^ represents 1 ) hydrogen, 2] hydroxyl, 3) a halogen atom, 4) an optionally substituted CI -C8 alkyl group 
or 5) formula -NR^R^ (wherein R^ and R^ are the same as or different from each other and each represents hy- 
drogen, a C1 -C8 alkyl group or a C3-C8 cycloalkyi group, or a C2-C5 saturated cyclic amino group which is formed 
with a nitrogen atom to which they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the 
nitrogen atom and may be substituted with a C1-C4 alkyl group which may- be substituted with a halogen atom; 
the formula: 
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represents dihydrooxopyridinyl or -pyrimidyl, or dihydro- or tetrahydropyrazlnyl; and R2 Ar, Q and W have the 
same meanings as defined above, respectively. 

[0014] In the definition of R^ and Ar in the formula (I), the term "optionally substituted", for example an optionally 
substituted aryl group, an optionally substituted heteroaryl group, an optionally substituted C1-C8 alkyi group etc., 
means that each group may be substituted with a group selected from hydroxy!; thiol group; nitro group; cyano group; 
a halogen atom such as fluorine, chlorine, bromine and iodine; a C1-C8 alkyI group such as methyl, ethyl, n-propyl 
and isopropyl; C1-C8 alkoxy group such as methoxy, ethoxy, n-propoxy, isopropoxy and butoxy; halogenated alkyI 
group such as fluoromethyl group, difluoromethyl group, trifluoromethyl group and 2,2,2-trifluoroethyl group; alky! thio 
group such as methyl thio group, ethyl thio group and isopropyl thio group; acyt group such as acetyl group, propionyl 
group and benzoyl group; hydroxyaikyi group such as hydroxymethyl group, hydroxyethyl group and hydroxypropyl 
group; amino group; monoalkyi amino group such as methyl amino group, ethyl amino group and isopropyl amino 
group; dialkyi amino group such as dimethyl amino group and diethyl amino group; cyclic amino group such as azirldinyl 
group, azetidinyl group, pyrrolidinyl group, piperidinyl group, perhydroazepinyl group and piperazinyl group; carboxyl; 
alkoxycarbonyl group such as methoxycarbonyl group, ethoxycarbonyi group and propylcarfc)onyl group; carbamoyl 
group; alkyI carbamoyl group such as methyl carbamoyl group and dimethyl carbamoyl group; acyl amino group such 
as acetyl amino group and benzoyl amino group; unsubstituted sulfamoyi or sulfamoyi substituted with a C1 -C4 alkyI 
group; alkyI sulfonyl group such as methyl sulfonyl group and ethyl sulfonyl group; unsubstituted or substituted aryl 
sulfonyl group such as benzene sulfonyl group and p-toluene sulfonyl group; unsubstituted or substituted aryl group 
such as phenyl group, tolyl group and anisolyl group; unsubstituted or substituted heteroaryl group such as pyrrole 
group, pyrazolyl group, imidazolyl group, triazolyl group, tetrazolyl group, thiazolyl group, pyridyl group, pyrimidyl group 
and pyrazinyl group; carboxyalkyi group; alkyloxycarbonyi alkyi group such as methoxycarbonyl methyl group, ethox- 
ycarbonyi methyl group and methoxycarbonyl ethyl group; carboxyalkoxy group such as carboxymethoxy group; aryl 
alkyI group such as benzyl group and 4-chlorobenzyl group; heteroaryl alkyI group such as pyridyl methyl group and 
pyridyl ethyl group; alkylene dioxy group such as methylene dioxy group and ethylene dioxy group; and oxo group. 
[0015] The halogen atom in the definition of R^ R^ and R3 means fluorine, chlorine, bromine and iodine. 
[0016] The C1 -C4, C1 -C6 or C1 -C8 aikyi group in the definition of , R^ and R^ means a linear or branched alkyI 
group having 1-4. 1-6 or 1-8 carbon atoms, respectively. Examples thereof include methyl group, ethyl group, n-propyl 
group, isopropyl group, n-butyl group, isobutyl group, sec-butyi group, t-butyl group, n-pentyl group, 1 ,2-dimethyl propyl 
group, 1,1 -dimethyl propyl group, 2,2-dimethyl propyl group, 2-ethyi propyl group, n-hexyl group, 1,2-dimethyl butyl 
group, 2,3-dimethyl butyl group, 1 ,3-dimethyl butyl group, 1 -ethyl-2-methyl propyl group, 1 -methyl-2-ethyl propyl group, 
n-heptyl group, 1,1 -dimethyl pentylgroup, 2-ethyl pentyl group, 1 -methyl-2-ethyl butyl group, n-octyl group, 1,1 -dimethyl 
hexyl group, 2-ethyl hexyl group, 1 -methyl-2-ethyl pentyl group etc. 

[0017] The cycloalkyi group in the definition of R1 , R^ and R^ means C3.3 cycloalkyi group such as cyclopropyl group, 
cyclobutyl group, cyclopentyl group, cyclohexyl group, cycloheptyl group or cycioctyl group. 

[0018] The C3-C6 cycloalkyl-C1-C4 alkyI group in the definition of R^ means a group having C3.6 cycloalkyi group 
such as cyclopropyl group, cyck)butyl group, cyclopentyl group or cyclohexyl group bound to the above-mentioned 
C1-C4 alkyI group. 

[0019] In the definition of R^ and R^, the C3-C8 alkenyl group and a linear or branched alkenyl group include e.g. 
1-propenyl group, 2-propenyl group, isopropenyl group, 2-methyi-1-propenyl group, 3-methyl-1 -propenyl group, 2-me- 
thyl-2-propenyl group, 3-methyl-2-propenyl group, 1-butenyl group, 2-butenyl group, 3-butenyl group etc. 
[0020] The acyl group in the definition of R^ includes aliphatic saturated monocarboxylic acid-derived groups such 
as acetyl group, propionyl group, butyryl group, valeryl group, isovaleryl group and pivaloyt group; aliphatic unsaturated 
carboxylic acid-derived groups such as acrytoyi group, propionyl group, methacryloyi group, crotonyl group and iso- 
crotonyl group; carbon-cyclic-carboxylic acid-derived groups such as benzoyl group, naphthoyi group, toluoyi group, 
hydroatropoyi group, atropoyi group and cinnamoyi group; heterocyclic carboxylic acid-derived groups such as furoyi 
group, thenoyi group, nicotinoyi group and isonicotinoyi group; hydroxycarboxylicacid-or alkoxycarboxylic acid-derived 
groups such as glycobyl group, lactoyi group, glyceroyl group, tropoyi group, benzyloyi group, salicyloyi group, anisoyi 
group, vanilloyi group, piperonyloyi group, gailoyi group; or groups derived from various amino acids. 
[0021] In the definition of R^ and Ar, the aryl group which may have a substltuent group includes phenyl group, 
1-naphthyl group, 2-naphthyl group, anthracenyl group etc. 
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[0022] In the optionally substituted heteroaryl group in the definition of and Ar, the heteroaryl group includes 
groups derived from a single or fused ring containing 1 to 4 atoms selected from sulfur, oxygen and nitrogen. Examples 
thereof include pyrrolyl group, thienyl group, furyl group, thiazolyl group, oxazolyl group, isothiazolyl group, isoxazoiyi 
group, imidazolyl group, pyrazolyl group, thiadlazolyl group, oxadiazolyl group, triazolyl group, tetrazolyl group, pyridyl 
5 group, pyrldazinyl group, pyrimidlnyl group, pyrazinyl group, indolyl group, isoindolyl group, benzothienyl group, ben- 
zofuranyl group, isobenzofuranyi group, benzimidazolyl group, indazolyl group, benzotriazolyl group, benzothlazolyl 
group, benzoxazolyl group, quinolyl group, isoquinolyl group, cinnolinyl group, phthalazyl group, quinoxalyt group, 
naphthyrldinyl group, quinazolinyl group, imidazopyridinyl group etc. 

[0023] In the nitrogen-containing heteroaryl groups described above, if a hydroxyl group is bound to a carbon atom 

fo adjacent to the nitrogen atom, then the present compound encompasses its tautomer i.e. -NH- oxo derivative. 

[0024] In the optionally protected carboxyl group in the definition of R^, the protective group includes e.g. C1-C8 
alkyi group such as methyl group, ethyl group and tert-butyl group; C1-C8 alkyi group substituted with an optionally 
substituted phenyl group such as p-methoxybenzyl, p-nitrobenzyl, 3,4-dimethoxybenzyl, diphenylmethyl, trityl and 
phenetyl; halogenated C1-C8 alkyi group such as 2,2,2-trichloroethyl and 2-lodoethyl; C1-C8 alkanoyloxy C1-C8 alkyi 

15 group such as pivaioyloxymethyl, acetoxymethyl, propionyloxymethyl, butyryloxymethyl, valeryloxymethyl, 1 -acetox- 
yethyl, 2-acetoxyethyl, 1 -pivaloyloxyethyl and 2-pivaloyloxyethyl; higher alkanoyloxy C1-C8 alkyi group such as palmi- 
toyloxyethyl, heptadecanoyloxymethyl and 1-palmitoyloxy ethyl; C1-C8 alkoxycarbonyloxy 01-08 aikyi group such as 
methoxycarbonyloxy methyl, 1 -butoxycarbonyloxyethyl and 1-(isopropoxycarlx)nyloxy)ethyl; carboxy 01-08 alkyi 
group such as carboxymethyl and 2-carboxyethyl; heteroaryl group such as 3-phthalidyi group; an optionally substituted 

20 benzoyloxy 01 -08 alkyi group such as 4-glycyloxybenzoyloxy methyl; (substituted dioxolene) 01 -08 alkyi group such 
as (5-methyl-2-oxo-1,3-dioxolene-4-yl)methyl; cycloalkyi substituted 01-08 alkanoyloxy 01-08 alkyi group such as 
1-cyclohexyiacetyloxyethyl; and cycloalkyloxycarbonyloxy 01-08 alkyi group such as 1 -cyclohexyioxycarbonyloxye- 
thyl. Further, the substituent group may be various acid amides. In short, any groups which may be degraded hi vivo 
by some means to form carboxylic acids can be used as the protective group for the carboxyl group. 

25 [0025] In the definition of R^, R^, R^ and R^, the term "02-05 saturated cyclic amino group which Is formed with a 
nitrogen atom to which they bind" refers to aziridine, azetidine, pyrrolidine, piperidine, piperazine, homopiperazine, 
morpholine or thiomorpholine. These rings may be substituted with a 01 -04 alkyi group which may be substituted with 
a halogen atom. 

[0026] Q and W are the same as or different from each other and each represents N or OH, preferably a nitrogen atom. 

30 [0027] R1 represents 1 ) hydrogen, 2) hydroxyl, 3) a halogen atom, 4) an optionally substituted 01 -08 alkyi group or 
5) formula -NR^R^ (wherein R^ and R^ are the same as or different from each other and each represents hydrogen, a 
01 -08 alkyi group, a 03-08 cycloalkyi group, or a C2-05 saturated cyclic amino group which is formed with a nitrogen 
atom to which they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the mentioned nitrogen 
atom and may be substituted with a 01-04 alkyi group which may be substituted with a habgen atom), preferably 2) 

35 hydroxyl, 3) a halogen atom, 4) a 0 1 - 08 alkyi group which may have a substituent group, or 5) formula -NR^R^ (wherein 
R^ and R^ are the same as or different from each other and each represents hydrogen, a 01 -08 alkyi group, a 03-08 
cycloalkyi group or a 02-05 saturated cyclic amino group which is formed with a nitrogen atom to which they bind, 
whereupon this ring may contain oxygen, suifur or nitrogen other than the mentioned nitrogen atom and may be sub- 
stituted with a 01-04 alkyi group which may be substituted with a halogen atom), more preferably 2) hydroxyi, 4) an 

40 optionally substituted 01 -08 alkyi group or 5) formula -NR^R^ (wherein R^ and R^ are the same as or different from 
each other and each represents hydrogen, a 01 -08 alkyi group, a 03-08 cycloalkyi group or a 02-05 saturated cyclic 
amino group which is formed with a nitrogen atom to which they bind, whereupon this ring may contain oxygen, sulfur 
or nitrogen other than the mentioned nitrogen atom and may be substituted with a 01-04 alkyi group which may be 
substituted with a halogen atom), further preferably 4) an optionally substituted 01 -08 alkyi group or 5) formula -NR'^RS 

45 (wherein R"^ and R^ are the same as or different from each other and each represents hydrogen, a 01 -08 alkyi group, 
a 03-08 cycloalkyi group or a 02-05 saturated cyclic amino group which is formed with a nitrogen atom to which they 
bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the mentioned nitrogen atom and may be 
substituted with a 01-04 alkyi group which may be substituted with a halogen atom, and further more preferably 5) 
formula -NR'^RS (wherein R"* and R^ are the same as or different from each other and each represents hydrogen, a 

50 01 -08 alkyi group, a 03-08 cycloalkyi group, or a 02-05 saturated cyclic amino group which is formed with a nitrogen 
atom to which they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the mentioned nitrogen 
atom and may be substituted with a 01-04 alkyi group which may be substituted with a halogen atom). 
[0028] R2 represents 1) hydrogen, 2) a halogen atom, 3) formula -NR^R^ (wherein R® and R^ are the same as or 
different from each other and each represents hydrogen, a 02-05 acyl group, a 01 -08 alkyi group or a 03-08 cycloalkyi 

55 group, or R^ and represent a 02-05 saturated cyclic amino group which is formed with a nitrogen atom to which 
they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the above-mentioned nitrogen and 
may be substituted with a 01 -04 alkyi group which may be substituted with a halogen atom, 4) a 02-08 alkynyl group 
which may be substituted with a halogen atom, hydroxyl, a 01-04 alkyi group or a 03-06 cycloalkyi group, 5) a 03-08 
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alkenyl group which may be substituted with a halogen atom, hydroxy! or a C1 -C4 alkyi group, 6) a C1 -C8 aikyi group 
which may be substituted with a hatogen atom, hydroxy! or a C1-C4 alky! group, or 7) a C1-C8 alkoxy group which 
may be substituted with a halogen atom, hydroxy! group or a C1-C4 aikyi group, preferabiy 1 ) hydrogen, 2) a halogen 
atom, 4) a C2-C8 aikyny! group which may be substituted with a halogen atom, hydroxyi, a C1-C4 alkyI group or a 
C3-C6 cycloalkyi group, 5) a C3-C8 alkenyl group which may be substituted with a halogen atom, hydroxyi or a C1 -C4 
aikyi group, 6) a C1-C8 aikyi group which may be substituted with a halogen atom, hydroxyi or a C1-C4 alkyi group, 
or 7) a C1-C8 alkoxy group which may be substituted with a halogen atom, hydroxyi or a C1-C4 aikyi group, more 
preferabiy 1) hydrogen atom, 2) a halogen atom, 4) a C2-C8 alkynyl group which may be substituted with a halogen 
atom, hydroxyi, a C1-C4 aikyi group or a C3-C6 cycloaikyi group, 6) a C1-C8 alkyI group which may be substituted 
with a halogen atom, hydroxyi or a C1-C4 aikyi group, or 7) a C1-C8 alkoxy group which may be substituted with a 
halogen atom, hydroxyi or a C1-C4 alkyi group, further preferably 1) hydrogen, 4) a C2-C8 alkynyl group which may 
be substituted with a halogen atom, hydroxyi. a C1 -04 aikyi group or a C3-C6 cycloalkyi group, 6) a C1 -C8 alkyi group 
which may be substituted with a halogen atom, hydroxyi or a C1-C4 alkyi group, or 7) a C1-C8 alkoxy group which 
may be substituted with a halogen atom, hydroxyi or a C1-C4 alkyi group, more preferably 1 ) hydrogen, 4) a C2-C8 
alkynyl group which may be substituted with a halogen atom, hydroxyi, a C1-C4 alkyi group or a C3-C6 cycloalkyi 
group, or 6) a C1-C8 alkyi group which may be substituted with a halogen atom, hydroxyi or a C1-C4 alkyi group, still 
more preferabiy 1) hydrogen or 6) a C1-C8 alkyi group which may be substituted with a halogen atom, hydroxyi or a 
C1-C4 alkyi group, and most preferably hydrogen. 

[0029] R3 represents 1) a C3-C8 alkynyl group which may be substituted with a halogen atom, hydroxyi or a C1-C4 
aikyi group, 2) a C3-C8 alkenyl group which may be substituted with a halogen atom, hydroxyi or a C1 -C4 alkyi group, 
3) a C1 -C8 alkyi group which may be substituted with a halogen atom, hydroxyi or a C1 -C4 alkyi group, 4) an optionally 
substituted aryl group, 5) an optionally substituted heteroaryi group, 6) a 1 ,2-dihydro-2-oxopyridyl group which may 
be substituted with a) a halogen atom or a CI -C6 alkyi group and whose nitrogen atom may further be substituted with 
b-1) a C1-C6 alkyi group which may be substituted with a halogen atom, hydroxyi or an optionally protected carboxyl 
group, b-2) an optionally substituted C3-C6 cycioalkyl-C1 -C4 alkyi group or b-3) an optionally substituted C3-C6 cy- 
cloalkyi group, 7) a dihydroxopyrimidyl group which may be substituted with a) a halogen atom or a C1 -C6 alkyi group 
and whose nitrogen atom is further substituted with b-1 ) a C1 -06 alkyi group which may be substituted with a halogen 
atom, hydroxyi or an optionally protected cartx)xyi group, b-2) an optionally substituted C3-C6 cycioalkyi-C1-C4 alkyi 
group or b-3) a C3-C6 cycloalkyi group, or 8) a dihydroxo- or tetrahydrodioxopyrazinyl group which may be substituted 
with a) a halogen atom or a C1-C6 alkyi group and whose nitrogen atom is further substituted with b-1) a C1-C6 alkyi 
group which may be substituted with a halogen atom, a hydroxyi or an optionally protected carboxyl group, b-2) an 
optionally substituted C3-C6 cycloalkyl-C1-C4 alkyi group or b-3) a C3-C6 cycloalkyi group, preferably 2) a C3-C8 
alkenyl group which may be substituted with a halogen atom, hydroxyi or a C1 -C4 alkyi group, 3) a C1 -C8 alkyi group 
which may be substituted with a halogen atom, hydroxyi or a CI -C4 alkyi group, 4) an optionally substituted aryi group, 

5) an optionally substituted heteroaryi group, 6) a 1 ,2-dihydro-2-oxopyrldyi group which may be substituted with a) a 
halogen atom or a C1-C6 alkyi group and whose nitrogen atom may further be substituted with b-1) a C1-C6 aikyi 
group which may be substituted with a halogen atom, hydroxyi or an optionally protected carboxyl group, b-2) an 
optionally substituted G3-G6 cycloalkyl-CI -C4 alkyl group or b-3) an optionally substituted 03-06 cycloalkyi group, 7) 
a dihydroxopyrimidyl group which may be substituted with a) a halogen atom or a 01 -06 alkyl group and whose nitrogen 
atom is further substituted with b-1) a CI -06 alkyl group which may be substituted with a halogen atom, a hydroxyi or 
an optionally protected carboxyl group, b-2) an substituted C3-C6 cycloalkyl-CI -04 alkyl group or b-3) a C3-C6 cy- 
cloalkyi group, or 8) a dihydroxo- or tetrahydrodioxopyrazinyl group which may be substituted with a) a halogen atom 
or a 01-06 alkyl group and whose nitrogen atom is further substituted with b-1) a 01-06 alkyl group which may be 
substituted with a halogen atom, hydroxyi or an optionally protected carboxyl group, b-2) an optionally substituted 
03-06 cycioaikyl-01-C4 alkyl group or b-3) a 03-06 cycloalkyi group, more preferabiy 2) a 03-08 alkenyl group which 
may be substituted with a halogen atom, hydroxyi or a 01 -04 alkyl group, 5) an optionally substituted heteroaryi group, 

6) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a 01 -06 alkyl group and whose 
nitrogen atom may further be substituted with b-1) a 01 -06 alkyl group which may be substituted with a halogen atom, 
hydroxyi or an optionally protected carboxyl group, b-2) an optionally substituted 03-06 cycloalkyl-CI -04 alkyl group 
or b-3) an optionally substituted 03-06 cyctoalkyi group, 7) a dihydroxopyrimidyl group which may be substituted with 
a) a halogen atom or a 01 -06 alkyl group and whose nitrogen atom is further substituted with b-1 ) a 01 -06 alkyl group 
which may be substituted with a halogen atom, hydroxyi or an optionally protected carboxyl group, b-2) an optionally 
substituted 03-06 cycloalkyl-CI -04 alkyi group or b-3) a 03-06 cycloalkyi group, or 8) a dihydroxo- or tetrahydrodi- 
oxopyrazinyl group which may be substituted with a) a halogen atom or a 01 -C6 alkyl group and whose nitrogen atom 
is further substituted with b-1 ) a 01 -06 alkyl group which may be substituted with halogen atom, hydroxyi or an optionally 
protected carboxyl group, b-2) an optionally substituted 03-06 cycloalkyl-01 -04 alkyl group or b-3) a 03-06 cycloalkyi 
group, further preferably 5) an optionally substituted heteroaryi group, 6) a 1 .2-dihydro-2-oxopyridyl group which may 
be substituted with a) a halogen atom or a C1 -06 alkyl group and whose nitrogen atom may further be substituted with 
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b-1) a C1-C6 alkyt group which may be substituted with a halogen atom, hydroxy! or an optionaily protected carboxyl 
group, b-2) an optionally substituted C3-C6 cycloalkyl-C1 -C4 all<yl group or b-3) an optionally substituted C3-C6 cy- 
cloalkyl group, 7) a dihydroxopyrimidyl group which may be substituted with a) a halogen atom or a C1-C6 aikyi group 
and whose nitrogen atom is further substituted with b-1 ) a C1-C6 alkyi group which may be substituted with a halogen 

s atom, hydroxy! or an optionally protected carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-C1-C4 alkyI 
group or b-3) a C3-C6 cycloalkyi group, or 8) a dihydroxo- or tetrahydrodioxopyrazinyl group which may be substituted 
with a) a halogen atom or a C1-C6 alkyI group and whose nitrogen atom is further substituted with b-1) a C1-C6 alkyI 
group which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an 
optionally substituted C3-C6 cycloalkyl-C1 -C4 alkyi group or b-3) a C3-C6 cycloalkyi group, further more preferably 6) 

10 a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a CI -C6 aikyi group and whose 
nitrogen atom may further be substituted with b-1 ) a CI -C6 alkyI group which may be substituted with a halogen atom, 
hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-GI -04 alkyI group 
or b-3) an optionally substituted C3-C6 cycloalkyi group, 7) a dihydroxopyrimidyl group which may be substituted with 
a) a halogen atom or a 01 -06 alkyi group and whose nitrogen atom is further substituted with b-1 ) a 01 -06 alkyI group 

'5 which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally 
substituted C3-C6 cycloalkyl-C1 -04 aikyi group or b-3) a C3-C6 cycloalkyi group, or 8) a dihydroxo- or tetrahydrodi- 
oxopyrazinyl group whk:h may be substituted with a) a halogen atom or a 01 -06 alkyI group and whose nitrogen atom 
is further substituted with b-1) a 01-06 aikyi group which may be substituted with a halogen atom, a hydroxyl or an 
optionally protected carboxyl group, b-2) an optionally substituted 03-06 cycbalkyl-01-04 alkyI group or b-3) a 03-06 

20 cycloalkyi group, more preferably 6) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom 
or a 01-06 aikyi group and whose nitrogen atom may further be substituted with b-1 ) a 01-06 alkyi group which may 
be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally protected 
03-06 cycloalkyl-01 -04 alkyI group or b-3) an optionally substituted 03-06 cycloalkyi group, or 7) a dihydroxopyrimidyl 
group which may be substituted with a) a halogen atom or a 01-06 alkyI group and whose nitrogen atom is further 

25 substituted with b-1) a 01-06 alkyI group which may be substituted with a halogen atom, hydroxyl or an optionally 
protected carboxyl group, b-2) a 03-06 cycloalkyl-C1-C4 aikyi group which may have a substituent group or b-3) a 
03-06 cycloalkyi group, still further preferably 6) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a 
halogen atom or a 01-06 alkyi group and whose nitrogen atom may further be substituted with b-1) a 01-06 alkyI 
group which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an 

30 optionally substituted 03-06 cyctoalkyl-OI -04 aikyi group or b-3) an optionally substituted 03-06 cycloalkyi group, still 
further more preferably 6) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a 

01- 06 aikyi group and whose nitrogen atom may further be substituted with b-1) a C1-C6 alkyi group which may be 
substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, and most preferably 1 ,2-dihydro- 

2- oxopyridyl group or 1 -methyi-1 ,2-dihydro-2-oxopyridyl group. 

35 [0030] has the meanings as defined above, but when Is I) a 02-08 alkynyl group which may be substituted 
with a halogen atom, hydroxyl, a 01-04 alkyi group or a 03-06 cycloalkyi group, ii) a 03-08 alkenyl group which may 
be substituted with a halogen atom, hydroxyl or a 01 -04 aikyi group, or iii) a 01 -08 alkyi group which may be substituted 
with a halogen atom, hydroxyl or a 01 -04 alkyi group, is not i) a 01-08 alkyi group which may be substituted with 
a halogen atom, hydroxyl or a 01-04 alkyi group or ii) an optionally substituted aryl group. 

40 [0031] In this case, when R^ Is 1) a 02-08 alkynyl group which may be substituted with a halogen atom, hydroxyl, a 
01-04 alkyt group or a 03-06 cycloalkyi group, Ii) a 03-08 alkenyl group which may be substituted with a halogen 
atom, hydroxyl or a 01 -04 alkyi group or iii) a 01 -08 alkyi group which may be substituted with a halogen atom, hydroxyl 
or a 01 -04 aikyi group, R^ represents 1 ) a 03-08 alkynyl group which may be substituted with a halogen atom, hydroxyl 
or a 01 -04 alkyi group, 2) a 03-08 alkenyl group which may be substituted with a halogen atom, hydroxyl or a 01 -04 

45 alkyi group, 5) an optionally substituted heteroaryl group, 6) a 1 ,2-dihydro-2-oxopyrldyl group which may be substituted 
with a) a halogen atom or a 01 -06 alkyi group, and whose nitrogen atom may further be substituted with b-1 ) a 01 -06 
aikyi group which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an 
optionally substituted 03-06 cycloalkyl-C1 -04 alkyi group or b-3) an optionally substituted 03-06 cycloalkyi group, 7) 
a dihydroxopyrimidyl group which may be substituted with a) a halogen atom or a 01 -06 alkyi group and whose nitrogen 

50 atom is further substituted with b-1) a 01-06 alkyi group which may be substituted with a halogen atom, hydroxyl or 
an optionally protected carboxyl group, b-2) an optionally substituted 03-06 cycloalkyl-01 -04 alkyi group or b-3) a 

03- 06 cycloalkyi group, or 8) a dihydroxo- or tetrahydrodioxopyrazinyl group which may be substituted with a) a halogen 
atom or a 01-06 alkyi group and whose nitrogen atom is further substituted with b-1) a 01 -06 alkyi group which may 
be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted 

55 03-06 cycloalkyl-01 -04 alkyi group or b-3) a 03-06 cycloalkyi group, preferably 5) an optionally substituted heteroaryl 
group, 6) a 1 ,2-dlhydro-2-oxopyridyl group which may be substituted with a) a halogen atom ol' a 01-06 alkyi group 
and whose nitrogen atom may further be substituted with b-1) a 01-06 alkyl group which may be substituted with a 
halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted 03-06 cy- 
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cloalkyl-C1 -C4 alkyi group or b-3) an optionally substituted C3-C6 cycloalkyi group, 7) a dihydroxopyrimidyl group 
whicli may be substituted with a) a lialogen atom or a CI -C6 alkyI group and wliose nitrogen atom is furtlier substituted 
witli b-1) a C1-C6 alkyI group wliich may be substituted with a halogen atom, hydroxyl or an optionally protected 
carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-C1 -C4 alkyI group which may have a substituent group 

5 or b-3) a C3-C6 cycloalkyi group or 8) a dihydroxo- or tetrahydrodioxopyrazinyl group which may be substituted with 
a) a halogen atom or a C1 -C6 alkyi group and whose nitrogen atom is further substituted with b-1 ) a C1 -06 alkyi group 
which may be substituted with a halogen atom, hydroxyi or an optionally protected, b-2) an optionally substituted C3-C6 
cycloalkyi-C1-C4 alkyi group or b-3) a C3-C6 cycloalkyi group, more preferably 6) a 1 ,2-dihydro-2-oxopyridyl group 
which may be substituted with a) a halogen atom or a C1-C6 alkyi group and whose nitrogen atom may further be 

10 substituted with b-1) a C1-C6 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally 
protected carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-C1-C4 alkyi group or b-3) an optionally sub- 
stituted C3-C6 cycloalkyi group, 7) a dihydroxopyrimidyl group which may be substituted with a) a halogen atom or a 
C1-C6 aikyl group and whose nitrogen atom is further substituted with b-1 ) a C1 -C6 alkyi group which may be substi- 
tuted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted C3-C6 

*5 cycloalkyl-CI -C4 alkyi group or b-3) a C3-C6 cycloalkyi group, or 8) a dihydroxo- or tetrahydrodioxopyrazinyl group 
which may be substituted with a) a halogen atom or a C1 -C6 alkyi group and whose nitrogen atom is further substituted 
with b-1) a C1-C6 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally protected 
carboxyl group, b-2) an optionally substituted C3-C6 cycloalkyl-CI -C4 aikyl group or b-3) a C3-C6 cycloalkyi group, 
further more preferably 6) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a 

20 CI -06 aikyl group and whose nitrogen atom may further be substituted with b-1 ) a CI -06 alkyi group which may be 
substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted 
03-06 cycloalkyl-01 -04 alkyi group or b-3) an optionally substituted 03-06 cycloalkyi group, or 7) a dihydroxopyrimidyl 
group which may be substituted with a) a halogen atom or a CI -06 aikyl group and whose nitrogen atom is further 
substituted with b-1) a C1-C6 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally 

25 protected carboxyl group, b-2) an optionally substituted 03-06 cycloalkyl-CI -04 aikyl group or b-3) a 03-06 cyctoalkyi 
group, further preferably 6) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a 
01-06 alkyi group and whose nitrogen atom may further be substituted with b-1) a 01-06 alkyi group which may be 
substituted with a halogen atom, hydroxyl or an optionally protected carboxyl, b-2) an optionally substituted 03-06 
cycloalkyl-01 -04 aikyl group or b-3) an optbnally substituted 03-06 cycloalkyi group, still further preferably 6) a 1 ,2-di- 

30 hydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a CI -06 aikyl group and whose nitrogen 
atom may further be substituted with b-1 ) a 01 -06 alkyi group which may be substituted with a halogen atom, hydroxyl 
or an optionally protected carboxyl group, and most preferably a 1 ,2-dihydro-2-oxopyridyl group or a 1-methyl-1,2-di- 
hydro-2-oxopyridyl group. 

[0032] Ar represents 1) an optionally substituted aryl group, 2) an optionally substituted heteroaryl group, 3) an 
35 oxopyridyl group which may be substituted with a halogen atom or a 01 -06 alkyi group and whose nitrogen -atom is 
further substituted with a 01 -C6 alkyi group or a C3-06 cycloalkyi group or 4) an oxopyrimidyl group which may be 
substituted with a halogen atom or a 01-06 alkyi group and whose nitrogen atom is further substituted with a 01-06 
alkyi group or a 03 -06 cycloalkyi group, preferably 1) an optionally substituted aryl group, 2) an optionally substituted 
heteroaryl group, 3) an oxopyridyl group which may be substituted with a halogen atom or a 01-06 aikyl group and 
40 whose nitrogen atom is further substituted with a 01 -06 aikyl group or a 03-06 cycloalkyi group or 4) an oxopyrimidyl 
group which may be substituted with a halogen atom or a 01 -06 alkyi group and whose nitrogen atom is further sub- 
stituted with a 01 -06 aikyl group or a 03-06 cycloalkyi group, more preferably 1 ) an optionally substituted aryl group, 
2) an optionally substituted heteroaryl group or 3) an oxopyridyl group which may be substituted with a halogen atom 
or a 01 -06 alkyi group and whose nitrogen atom is further substituted with a 01 -06 aikyl group or a 03-06 cycloalkyi 
<s group, further preferably 1) an optionally substituted aryl group or 2) an optionally substituted heteroaryl group, still 
further preferably an optionally substituted aryl group, and most preferably an optionally substituted phenyl group. 
[0033] it goes without saying that when the compounds of the present invention have an asymmetric atom, optically 
active Isomers thereof also fall under the scope of the present invention. Further, the present invention encompasses 
hydrates. 

50 [0034] In the present invention, the pharmacoiogrcally acceptable salts include e.g. inorganic salts such as hydro- 
chloride, hydrobromate, sulfate, and phosphate; organic acid salts such as acetate, maleate, tartrate, methanesul- 
fonate, benzene sulfonate and toluene sulfonate, or salts with amino acids such as aspartic acid and glutamic acid. 
[0035] The compound group of the present invention is also useful because of bw toxicity and high safety. 
[0036] When the compound of the present invention Is used as the diseases described above, it can be administered 

55 orally or parente rally. The compound of the present invention can be administered in the form of tablets, powder, 
granules, capsules, syrups, troches, inhalations, suppositories, injections, ointments, eye ointments, eye drops, nose 
drops, ear drops, poultices and lotions. 

[0037] Although the dose is significantly varied depending on the type of disease, the severeness of symptoms, the 
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age and sex« the sensitivity to the chemical of a patient, the present compound Is administered Into a man in one portion 
or divided portions in a daily dose of usuaily about 0.03 to 1000 mg, preferably 0.1 to 500 mg, more preferably 0.1 to 
100 mg. The dose of the Injection is usually about 1 jxg/kg to 3000 |ig/kg, preferably about 3 ^g/kg to 1000 |ig/kg. 
[0038] The compound of the present invention can be formed into a pharmaceutical preparation in a usual manner 
5 by using usual pharmaceutical carriers. 

[0039] That is, when the oral solid pharmaceutical preparation is to be prepared, excipients as the major ingredient, 
a binder, a disintegrating agent, a lubricant, a coloring agent, flavoring agent, and an antioxidant are added to the 
compound of the present invention and formed in a usual manner into tablets, coated tablets, granules, powder, cap- 
sules etc. 

10 [0040] The fillers include e.g. lactose, corn starch, white sugar, glucose, sorbitol, crystalline cellulose, silicon dioxide 
etc. 

[0041] The binder includes e.g. polyvinyl alcohol, polyvinyl ether, ethyl cellulose, methyl cellulose, gum arable, tra- 
gacanth, gelatin, shellac, hydroxy propyl cellulose, hydroxy propyl methyl cellulose, calcium citrate, dextrin, pectin etc., 
and the lubricant includes e.g. magnesium stearate, talc, polyethylene glycol, silica, hardened vegetable oil etc. 

15 [0042] The coloring agent includes e.g. those coloring agents approved to be added to pharmaceutical preparations, 
and the flavoring agent include cocoa powder, menthol, aromatic powder, peppermint oil, borneol, cinnamon powder 
etc. The antioxidant includes ascorbic acid, a-tocopherol etc. which are approved to be added to pharmaceutical prep- 
arations. The tablets and granules may be coated as necessary with sugar coating, gelatin coating etc. 
[0043] On the other hand, when the injection preparation, eye drops etc. are to be produced, a pH adjuster, a buffer, 

20 a suspension agent, a solubilizer, a stabilizer, an isotonizing agent, an antioxidant, a preservative etc. may be added 
to the major chemical and formed in a usual manner into the preparation. If necessary, the preparation can be formed 
into a freeze-dried preparation. The injection can be administered intravenously, subcutaneously or intramuscularly. 
[0044] Examples of the suspension agent include methyl cellulose, Polysorbate 80, hydroxyethyl cellulose, gum 
arable, tragacanth powder, sodium carboxymethyl cellulose and polyoxyethylene sorbitan monolaurate. 

25 [0045] The solubilizer includes polyoxyethylene hardened castor oil, Polysorbate 80, nicotinic acid amide, polyox- 
yethylene sorbitan monolaulate. 

[0046] The stabilizer includes e.g. sodium sulfite, sodium metasulfite and ether, and the preservative includes e.g. 
methyl p-oxybenzoate, ethyl p-oxybenzoate, sorbic acid, phenol, cresol, chlorocresoi etc. 

[0047] When the ointment is to be produced, the preparation can be produced in a usual manner by adding a stabilizer, 
30 an antioxidant and a preservative as necessary. 

[0048] The novel purine compound of the present invention can be produced by combination of generally known 
methods. Hereinafter, the major conventional method of producing the compound group of the present invention is 
described. Production method A 
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Step A3 



t 

1 




35 3 



wherein U means a halogen atom, and R\ R^, R^, Ar, Q and W have the same meanings as defined above. 
40 StepAl : 

[0049] This step is the step of allowing a compound 5-amino-4,6-dihalogeno-2-pyrimidine 1 synthesized in accord- 
ance with a known method to react in a solvent with various primary amine compounds to replace a halogen atom at 
the 4-position by the amine derivatives, to produce 4,5-diamlnopyrimidine derivative 2. 
45 [0050] The reaction Is carried out using an amine In excess, or In the presence of a tertiary amine such as triethylamine 
and dilsopropyl ethylamlne when the amine reacted Is an alkyi amine, aikynyl amine and allyl amine, or in the presence 
of a catalytic amount of mineral acid, preferably with the coexistence of hydrochloric acid when the amine reacted is 
an aryl amine or heteroary! amine. However, the reaction may be carried out in the absence of hydrochloric acid using 
carboxylate thereof. 

50 [0051] The solvent used is not particularly limited insofar as the reaction is not Inhibited and the starting material is 

m 

dissolved to a certain extent, and preferable examples include NMP (1-methyl-2-pyrrolidone); ethers such as tetrahy- 
drofuran, dioxane, dimethoxyethane and diethylene glycol dimethyl ether; halogenated hydrocarbons such as meth- 
ylene chloride, chloroform and dichloro ethane. When the amine reacted is an aryl amine or heteroaryi amine, a mixed 
solvent of alcohol and water can be used. The reaction temperature is varied depending on the reactivity of the amine 
55 derivative used, preferably from room temperature to the boiling point of each solvent, more preferably a temperature 
at which the reaction solution is refluxed. 
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Step A2 : 

[0052] This step is the step of reacting ArCOX (wherein X is a halogen atom; and Ar has the same meaning as 
defined above) with 4,5-diaminopyrimidine derivative 2, to produce 5-acylaminopyrimidine derivative 3. 
5 [0053] This reaction is carried out at a temperature ranging from 0°C to room temperature in pyridine or in the pres- 
ence of a base in a solvent not participating in the reaction such as methylene chloride, chloroform, ethyl acetate, 
tetrahydrofuran, dioxane, dimethoxyethane, benzene and toluene. 

Step A3 : 

10 

[0054] This step is the step of dehydration condensation of the acyl amino group with its adjacent substituted amino 
group on the pyrimldlne ring to form an Imidazole ring, thus producing purine derivative 4. 

[0055] The reaction Is carried out under reflux In phosphoms oxychlorlde. The reaction can also be conducted in the 
presence of hydrochloric acid. Further, the reaction can also be conduced under heating in NMR 
[0056] The steps A2 and A3 can also proceed in one-pot reaction. 

Step A4 : 

[0057] This step is the step of allowing a halogen atom at the 6-posltion in the purine derivative 4 to react with an 
20 amine derivative, to produce 6-amino-8,9-di-substituted purine derivatives. 

[0058] When the amine derivative is gas or has a low boiling point, the reaction is carried out preferably in a sealed 
tube or in an autoclave. 

[0059] The solvent used is not particulariy limited insofar as the reaction is not Inhibited and the starting material is 
dissolved to a certain extent, and preferable examples Include alcohols such as methanol and ethanol; ethers such as 
25 tetrahydrofuran, dioxane, dimethoxyethane and diethylene glycol dimethyl ether; halogenated hydrocarbons such as 
methylene chloride, chloroform and dichloroethane; dimethylformamide, 1 -methyl pyrrolidinone etc. 
[0060] The reaction temperature is preferably 0 to 150 ^C, more preferably 50 to 100 
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Production method B 



[0061] 
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wherein L^, R'', R^, R^, Ar, Q and W have the same meanings as defined above; and R'*'' means a C1-C4 alkyi group. 
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Step B1 : 

[0062] This step is tlie step of subjecting the nitro group In 2-acyiamlno-4,6-dichloro-5-nltropyrimidine derivative ^ 
produced In a l^nown method to catalytic reduction, reduction with a metal or a metal salt, or reduction with a metal 

5 hydride, to produce 2-acylamino-5-amlno-4,6-dlchloropyrlmidlne derivative 2. 

[0063] The catalytic reduction is conducted at normal pressure or under pressure, at room temperature or under 
heating, in the presence of a catalyst such as Raney Ni, Pd-C or PtOg in a hydrogen atmosphere, it Is conducted 
preferably at normal pressure and at ordinary temperature, more preferably in the presence of Raney Ni as the catalyst 
at norniai pressure and at ordinary temperature. The solvent used Is not particularly limited Insofar as it dissolves the 

10 starting material to a certain extent without causing catalytic poison, and preferable examples include methanol, eth- 
anol, tetrahydrofuran, dioxane, acetic acid, dimethylformamide or a mixed solvent thereof. The reduction with a metal 
or a metal salt is conducted using zinc powder-hydrochloric acid, stannous chloride-hydrochloric acid, or iron-hydro- 
chloric acid in an alcohol such as hydrous or anhydrous methanol or ethanol or in dioxane or tetrahydrofuran as the 
solvent. The reduction with a metal hydride is conducted using Pd-sodium borohydride, NICI2 (PPh3)2-sodium boro- 

15 hydride, or stannous chloride-sodium borohydride in a methanol, ethanol or tetrahydrofuran solvent. 

Step B2 : 

[0064] This step is the step of allowing the 2-acyiamino-5-amlno-4,6-dlchloropyrimidlne derivative 2 to react with a 
20 primary amine derivative to replace the chlorine atom at the 4-posltion by the amino derivative, to produce 4,5-diami- 
nopyrimldine derivative 3. 

[0065] This reaction is carried out preferably using an amine in excess, or in the presence of a tertiary amine such 
as triethylamine or dilsopropyl ethylamine when the amine reacted is an alkyi amine, alkynyl amine and allyl amine, or 
In the presence of a catalytic amount of mineral acid, particularly hydrochloric acid when the amine reacted Is an aryi 

25 amine or heteroaryl amine. 

[0066] The solvent used is not particularly limited Insofar as the reaction is not Inhibited and the starting material Is 
dissolved to a certain extent, and: preferable examples include ethers such as tetrahydrofuran, dioxane, dimethox- 
yethane and diethylene glycol dimethyl ether; and haiogenated hydrocarbons such as methylene chloride, chloroform 
and dichloroethane. The reaction temperature varies depending on the reactivity of the amine derivative used, prefer- 

30 ably from room temperature to reflux temperature, more preferably reflux temperature. 

Step B3 : 

[0067] This step is the step of eliminating the acyl group i.e. a protective group for the amino group at the 2-position 
35 in the 2-acylaminopyrimldine derivative 3, to produce 2-amlnopyrimidlne derivative 4. 

[0068] The reaction is carried out by reacting with an aqueous mineral acid or alkaline solution In a solvent such as 
methanol, ethanol, dioxane or tetrahydrofuran. The reaction also proceeds at room temperature, but is carried out 
preferably under heating. 

[0069] This step can be finished in the previous step 82 depending on the conditions for substitution with the amino 
40 derivative in the step 82, and in such case, this step is omitted. 

Step 84 : 

[0070] This step is the step of dehydration condensation of the amino group at the 4-position with its adjacent aide- 
45 hyde at the 5-posltion on the pyrlmldine ring to form an imidazole ring thereby producing a purine derivatives. 

[0071] The reaction Is carried out by condensing the amino group at the 5-positlon with the aldehyde derivative to 
form a Schlff base, followed by ring closure by reaction with ferric chloride etc. 

[0072] The solvent used Is not particularly limited Insofar as the reaction is not inhibited and the starting material Is 
dissolved to a certain extent, and preferable examples include alcohols such as methanol and ethanol, ethers such as 
50 tetrahydrofuran, dioxane, dimethoxyethane, and diethylene glycol dimethyl ether, and dimethylformamide. The reaction 
Is conducted at 0 to 1 00 °C, preferably at room temperature. For production of the Schiff base, acetic acid Is preferably 
added. 

Step 85 : 

55 

[0073] This step is the step of converting the amino group In the 2-aminopurine derivative 6 by the Sandmeyer 
reaction Into a halogen atom to produce 2,6-dihabgenopurlne derivative 6. 

[0074] The reaction is carried out by converting the amino group into a diazonium group by diazo reaction with a 
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nitrite such as sodium nitrite, amy! nitrite or isoamyl nitrite and then converting the diazonium group into a halogen 
atom by cuprous halide. In the diazo reaction, an acid Is not particularly necessary when a nitrite such as isoamyl nitrite 
is used, and the amino group can be converted into a halogen atom under heating by adding cuprous halide and 
methylene halide to a solvent such as dioxane or tetrahydrofuran. In the present Invention, it Is most preferable that 
cuprous Iodide Is used as cuprous halide and diiodomethane is used as methylene halide, to produce the 2HOdopurine 
derivative by conversion. 

Step B6 : 

[0075] This step is the step of allowing the chlorine atom at the 6-position in the 6-chloro-2-iodopurine derivative 6 
to react with an amine derivative to produce 6*amino-2-iodopurine derivatives. 

[0076] When the amine derivative is gas or has a low boiling point, the reaction is carried out preferably In a sealed 
tube or In an autoclave. 

[0077] The solvent used is not partlculariy limited Insofar as the reaction Is not inhibited and the starting material is 
dissolved to a certain extent, and preferable examples Include alcohols such as methanol and ethanol; ethers such as 
tetrahydrofuran, dioxane, dimethoxyethane and diethylene glycol dimethyl ether; halogenated hydrocarbons such as 
methylene chloride, chloroform and dichloroethane; and dimethylformamide, 1 -methyl pyrrolldinone etc. 
[0078] The reaction temperature is preferably 0 to 150**C, more preferably 50 to 100**C. 

Step B7 : 

[0079] This step is the step of selectively subjecting the halogen atom at the 2-posltlon in the 2-halogenopurine 
derivative 7 to coupling reaction with an ethynyl side chain, to produce 2-ethylnylene-6-halogenopurine derivative 8. 
[0080] The reaction is conducted at room temperature or under heating in the presence of a catalytic amount of 
dichloroblsphenyl phosphine palladium (II), cuprous iodide and a tertiary amine. The solvent used Includes ethers such 
as tetrahydrofuran, dioxane, dimethoxyethane and diethylene glycol dimethyl ether, dimethylformamide, 1 -methyl pyr- 
rolldinone etc. The tertiary amine used Includes triethylamlne, dilsopropylamine, DBU, dimethyl aniline etc. The reaction 
temperature is preferably 0 to lOO^C, more preferably room temperature. 

Production method C 

[0081] 




2 3 



wherein R\ R^, Ar, Q and W have the same meanings as defined above; R^^ is a C1-C8 alkyi group; R^^ is a C1-C6 
alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, an 
optionally substituted C3-C6 cycloalkyl-C1-C4 alkyi group or an optionally substituted C3-C6 cycloalkyi group; the 
formula: 
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means a pyridinyl group, pyrimidyl group or pyrazinyl group; and the formula: 




means a dihydroxopyridlnyl or -pyrimidyl group, or dihydro- or tetrahydropyranydinyl group. 

[0082] This production method C Is a method of hydrolyzing the alkoxy group in the a-alkoxy N-contalnIng heteroaryl 
compound in obtained in production method A or B, to produce an a-hydroxy N-containing heteroaryl derivative or 
to introduce a substituent group into the nitrogen atom in the ring. 

Step C1 : 

[0083] This step is the step of hydrolyzing the alkoxy group in the 9-a-alkoxy N-containing heteroaryl purine derivative 

to produce 9-a-hydroxy N-containing heteroaryl purine derivative 2. 
[0084] The reaction is carried out at room temperature to 1 CO °C in the presence of an aqueous solution of mineral 
acid such as hydrochloric add, hydrobromic acid, sulfuric acid etc. 

Step C2 : 

[0085] This step is the step of introducing a substituent group into the nitrogen atom in the 9-a-hydroxy N-containing 
heteroaryl purine derivative 2 obtained above. 

[0086] The reaction is carried out In the presence of a base by reaction with a halogenated alkyi compound, a hai- 
ogenated fluoroalkyi compound, an alkoxycarbonyt alkyI halogen compound and various sulfonate compounds in a 
solvent. 

[0087] The base includes sodium hydride, sodium hydroxide, potassium hydroxide, sodium bicariDonate, sodium 
carbonate, potassium carbonate or sodium alkoxide, and the solvent includes alcohols such as methanol and ethanol; 
ethers such as tetrahydrofuran, dioxane, dimethoxyethane and diethylene glycol dimethyl ether; halogenated hydro- 
carbons such as methylene chloride, chloroform and dichloroethane; and N,N-dimethylformamide, dimethylsulfoxide, 
1 -methyl pyrrolidinone etc. The reaction Is carried out at a temperature of 0 to 100°C. 

Production method D 

[0088] 




1 2 

wherein R^" means a C1-C8 alkoxy group; and Ri, R^, L^, Ar, Q and W have the same meanings as defined above. 
[0089] The production method D is a method of converting the halogen atom at the 2-posltion in the compound 7 
obtained In the production method 6 into a C1-C8 alkoxy group. 
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[0090] This reaction proceeds even if is any halogen atom, but bromine is preferable. By treatment with a hydro- 
bromic acid solution, the Iodine-atom derivative is easily converted into a bromine derivative. 
[0091] The reaction is carried out by reacting with sodium or potassium alkoxide. 

5 Production method E 

[0092] 

10 pi r1 



75 




wherein means a C1-C4 alkyl group; and R^, Ar, Q and W have the same meanings as defined above. 
20 [0093] This production method Is a method of subjecting the ethynylene group in the compound 8 obtained In the 
production method B to catalytic reduction, to give an alkyl derivative. 

[0094] The catalytic reduction is conducted at normal pressure or under pressure, at room temperature or under 
heating, in the presence of a catalyst such as Raney Ni, Pd-C or Pt02 in a hydrogen atmosphere. It is conducted 
preferably at normal pressure and at ordinary temperature, more preferably in the presence of Raney Ni as the catalyst 
2S at normal pressure and at ordinary temperature. The solvent used is not particularly limited insofar as it dissolves the 
starting material to a certain extent without causing catalytic poison, and preferable examples include methanol, eth- 
anol, tetrahydrofuran, dioxane, acetic acid, dimethylformamide or a mixed solvent thereof. 

[0095] Hereinafter, pharmacological experiments will be shown to explain the excellent effect of the purine com- 
pounds of the present invention. 

30 

Effect of Novel Purine Compounds 

1 ) Adenosine A2a receptor binding assay 

35 [0096] A membrane specimen prepared by over-expression of adenosine A2a receptor was purchased from Recep- 
tor Biology Inc., and used to carry out adenosine A2a receptor binding assays. The purchased membrane specimen 
was suspended at a concentration of 22.2 ^ig/ml in an incubation buffer (20 mM HEPES, 10 mM MgCl2 and 100 mM 
NaCI, pH 7.4). To 0.45 ml of this membrane specimen were added 0.025 ml of tritium-labeled 3H-CGS21680 (500 nM; 
30 Ci/mmol) and 0.025 ml of the test compound. The solution of the test compound was prepared by dissolving the 

<o compound at a concentration of 20 mM in DMSO and then successively diluting the solution 1 0-fold with the incubation 
buffer. The mixture was allowed to stand at 25 °C for 90 minutes, subjected to quick suction on a glass fiber filter (GF/ 
B; manufactured by Whatman) and immediately washed twice with 5 ml of ice-cooled 50 mM Tris-HCI buffer. Thereafter, 
the glass fiber filter was transferred to a vial bottle, a scintillator was added thereto, and the radioactivity on the filter 
was measured by a liquid scintillation counter. The rate of inhibition of (3H-CGS21 680) binding to the A2a receptor by 

45 the test compound was calculated using the following equation, and from this rate of inhibition, IC50 was calculated. 

Rate of inhibition (%)= [1 -{(Binding amount in the presence of 
drug-non-specific binding amount)/(Total binding amount- Non-specific binding amount)}] X 100 

[0097] The total binding amount is 3H-CGS21680 binding radioactivity in the absence of the test compound. The 

non-specific binding amount Is 3H-CGS21680 binding radioactivity in the presence of 100 p-M of RPIA. The binding 
amount in the presence of drug is ^H-CGS21680 binding radioactivity in the presence of the test compound of various 
55 concentrations. 

[0098] The inhibition constant (Ki value) was calculated from Cheng- PrusofTs expression. 
[0099] The inhibition constants (Ki values) of the compounds in Examples 5 and 20 were 0.0032 and 0.0096, re- 
spectively. 
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2) Inhibitory effect of test compound on N EGA-stimulate cAMP production in adenosine A2b receptor-expressing cells 

[0100] Human adenosine A2b receptor cDNA was over-expressed in CHOK1 cells. The cells were uniformly placed 
on a 24-well plate at a density of 1 .5x105 cells/well, incubated overnight and then used for the assays. Affinity of the 

5 test compound for the A2b receptor was evaluated by using, as an index, the rate of suppression of the amount of 
cAMP produced by stimulation of an adenosine agonist NECA (30 nM) in the presence of the test compound. Thus, 
the plate was washed twice with 2 ml/well of Krebs-Ringer-Bicarbonate buffer (KRB) (mM) (NaC1 1 1 8, KCI 4.8. KH2PO4 
1.2, IVIgS04 1.2, CaClg 3.4, HEPES 10, NaHCOg 25, pH 7.4) and then pre-lncubated (0.5 ml/well) for 30 minutes. 
[0101] Thereafter, a mixed solution containing 600 Ro-20-1724 (phosphodiesterase inhibitor), 180 nM NECA, 

10 and a test compound at a concentration 6-times higher than in the reaction solution was added in an amount of 100 
^im/well . After 15 minutes, the reaction was stopped by replacing the reaction solution by 0.1 N HCI (300 (il/well). 
Measurement of cAMP was carried out using an Amersham cAMP El A Kit. 

[0102] The rate of inhibition of NECA-stlmulated cAMP production by the test compound was calculated using the 
following equation: 

IS 

Rate of Inhibition (%) = [1-{(cAMP amount in the presence of NECA 
and test compound-Basal cAMP amount)/(cAMP amount stimulated only by NECA-Basal cAMP amount)}] x 100. 

20 

[0103] IC50 was calculated from the rate of inhibition. 

[0104] The IC50 of the compound in Example 5 was 0.011 ^M. 

3) Inhibitory action of test compound on N EGA-stimulated glucose production in primary cultured rat hepatic cells 

25 

[0105] Hepatic cells were separated by a collagenase perfusion method from livers of male rats of Wistar strain and 
subjected to a primary culture in a William's Medium E containing 5 % calf seaim, 1 0"^ M insulin and 1 0-^ M dexame- 
thasone. After 1 day, the hepatic cells were washed with a Krebs-Rlnger Bicarbonate buffer (mM) (NaCl 118, KCI 4.8, 
KH2PO4 1.2, MgS04 1.2, CaClg 3.4, HEPES 10, NaHGOg 25) pH 7.4 (KRB) containing 10 mM HEPES and 0.1 % 
30 bovine serum albumin and KRB was added thereto, then incubated at 37 ^C. After 30 minutes, NECA (N-ethylcarbox- 
amide adenosine) (final concentration: 0.1 ^M) and a test compound were added thereto at the same time, the mixture 
was incubated for additional one hour, and the amount of glucose released into the incubation medium was measured. 
[0106] IC5Q values (|iM) for inhibition of N EGA-stimulated glucose release by the compounds in Examples 5 and 20 
were 0.0076 and 0.0084, respectively. 

35 

4) Action of test compound on hyperglycemia in spontaneously diabetic mice (KK-AV/Ta Jcl) (single administration) 
[0107] 

40 Animals: Seven male KK-Av/Ta Jcl mice for each group (purchased from Nippon Glair) 

Preparation and Administration of Test Compound: A test compound In a dose as shown In Table 1 was suspended 
in 0.5 % aqueous methyl cellulose solution and was orally administered in a volume of 1 0 ml/kg. 
Collection of Blood Samples and Determination of Blood Sugar: Blood was collected from tail veins just before 
administration of the test compound and also 5 hours after the administration and blood sugar was determined. 

45 Method: Tail vein of a mouse was injured by a razor without anesthetization to bleed slightly. The blood (1 5 was 

collected and Immediately mixed with 135 ^1 of 0.6 M perchloric acid. Glucose in the supernatant separated by 
centrifugatlon (at 1 500 g for 1 0 minutes at 4^C using a cooling centrifuge GS-6KR from Beckmann) was determined 
by Glucose Gil Test Wako (Wako Pure Chemicals). 

50 [0108] The results are shown in Table 1 . 

[0109] The results are shown in terms of "(% ratb of blood sugar 5 hours after the administration to the blood sugar 
before the administration) ± (standard error)". The data were subjected to one-way layout analysis of variance and 
then subjected to multiple comparison of Dunnett type. Difference with p<0.05 was deemed significant. 

55 
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10 



Table 1 Action of test compound on .hyperglycemia in spontaneously diabetic mice (KK-Ay/Ta Jcl) 



Test 


Oose 


Blood sugar level 
' 5hr after the administration 


X 100 (%) 


Statistical 


Compound 


(mg/kg) 


Blood sugar level 
just before the administration 


significance 


Control 




72.5 ± 3.7 




Example 5 


10 


47.3 ± 7.2 


Me 



p<O.Ot vs. control) 



15 



[0110] As described above, the compound of the present invention had an adenosine A2 receptor antagonism and 
showed a clear effect on the pathological models of diabetes mellitus. In addition, the compound of the present invention 
also showed an improving action in investigation for impaired glucose tolerance in a glucose tolerance test, and was 
confirmed to act not only in the liver but also in the peripheral tissues. 



20 Examples 



25 



[01 1 1] Hereinafter, the processes for synthesizing the novel purine compounds of the present invention are exem- 
plified, but as a matter of course, these Examples are shown for the purpose of facilitating the understanding of the 
present invention and not intended to limit the present invention. 

Example 1 8-(3-Fluorophenyl)-9-(6-methoxy-3-pyridyl)-9H-6-purineamine 
[0112] 



30 



35 



40 



N 




N 



N 



/ 
N 



w 



N 



OMe 



(1) Synthesis of N4- (6-methoxy-3-pyridyl)-6-chloro-4,5-pyrimidinediamine hydrochloride 

[01 13] 5-Amino-2-methoxypyridine (8.7 g, 70.1 mmol) and cone, hydrochloric acid (1 .5 ml) were added successively 
45 to a suspension of 5-amino-4,6-dichloropyrimidine (10.0 g, 45.2 mmol, produced by Tokyo Kasel Co., Ltd.) in water 
(100 ml)/ethanol (15 ml) at room temperature, and the mixture was heated under reflux for 3 hours. After cooling as it 
was, the resulting solid was collected by filtration, washed with water and air-dried at SO'^C, to give the title compound 

(6.6 g, 72 %) as a reddish brown solid. 

1 H NMR (400 MHz, DMSO-dg) 5ppm; 3.84 (3H, s), 6.84 (1 H, d, J = 9.6 Hz), 7.82 (1 H, s), 7.99 (1 H, dd. J = 2.8. 9.6 Hz), 
50 8.39 (1 H. d, J = 2.8 Hz), 8.78 (1 H, s). 

(2) Syntlnesis of N1 - [4-chloro-6-[(methoxy-3-pyridyl) amino]-5-pyrimidinyll-3-fluorobenzamlde 

[0114] 3-Fluorobenzoyl chloride (9.6 ml, 79.0 mmol) was added dropwise over 80 minutes in a nitrogen atmosphere 
55 at 0 to 5 °C to a pyridine (66 ml) suspension of the compound (6.6 g, 22.9 mmol) obtained in (1 ), and the mixture was 
stirred as such for 5 hours. The reaction solution was diluted with water and ethyl acetate. The organic layer was 
washed with 1 N hydrochloric acid (xi). After the IN hydrochloric acid layer was extracted with ethyl acetate (x2), 
the combined organic layers were washed with a saturated aqueous sodium bicarbonate solution (X1), dried over 
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anhydrous sodium sulfate and concentrated. The residue was suspended In diethyl ether, and the solid was collected 
by filtration and washed with diethyl ether, to give the title compound (6.5 g, 76 %) as a colorless solid. 
1 H NMR (400IVIHZ, DMSO-dg) 5 ppm 3.84(3H. s), 6.84(1 H, d, J=8.8Hz), 7.47-7.54 (1 H, m), 7.59-7.66 (1 H, m), 7.81 -7.94 
(3H, m), 8.26 (1H. d, J = 2.4 Hz), 8.33 (1H, s). 9.38(1 H, s). 10.16 (1H, s). 

5 

(3) Synthesis of 6-chloro-8-(3-fluorophenyl)-9"(6-methoxy-3-pyridyl)-9H-purlne 

[0115] A suspension of the compound (435 mg, 1.16 mmol) obtained in (2) In phosphorus oxychlorlde (30 ml) was 
heated under reflux for 4.5 hours in a nitrogen atmosphere. After cooling as it was, the reaction solution was concen- 
10 trated. The residue was diluted with ethyl acetate, washed with water (x3), a saturated aqueous sodium bicarbonate 
solution (x2) and brine (X1), dried over anhydrous sodium sulfate and concentrated. The residue was suspended in 
diethyl ether, and the solid was collected by filtration and washed with diethyl ether, to give the title compound (248 
mg, 60 %) as a colorless solid. 

1 H NMR (400MHz, DMSO-dg) 5 ppm 3.93(3H.s), 7.05(1 H,d,J=8.8Hz), 7.38-7.48 (3H, m), 7.50-7.56 (1 H, m). 7.90 (1 H, 
15 dd. J=2.8,8.8Hz), 8.35 (1 H, d, J = 2.8 Hz), 8.79 (1 H, s). 

(4) Synthesis of 8-(3-fluorophenyl)-9-(6'methoxy-3-pyrldyl)-9H-6-purineamine 

[01 16] A suspension of the compound (1 .0 g, 2.81 mnrK>i) obtained in (3) in 1 ,2-dimethoxyethane (40 ml)/conc. am- 
20 monia water (20 ml) was stirred for 1 1 hours In an autoclave at 70 °C. After cooling as it was, the reaction solution was 
diluted with a saturated ammonium chloride solution and ethyl acetate. The organic layer was washed with a saturated 
aqueous ammonium chloride solution (xl). dried over anhydrous sodium sulfate and concentrated. The residue was 
suspended in diethyl ether, and the solid was collected by filtration and washed with diethyl ether, to give the title 
compound (928 mg, 98 %) as a colorless solid. 
25 1 H NMR (400MHz, DMSO-dg) 5 ppm 3.91 (3H, s), 6.99 (1 H, d, J=8.8Hz), 7.26-7.33 (2H, m), 7.34-7.38 (1 H. m), 7.43-7.49 
(1 H,m), 7.50 (2H, br s), 7.81 (1 H, dd. J 2.8. 8.8 Hz), 8.14 (1 H,s), 8.23 (1 H, d, J = 2.8 Hz). 

Example 2 5-[6-Amino-8-(3-fluorophenyl)-9H-9-purlnyl]-1,2-dihydro-2-pyridinone 
30 [0117] 



35 



40 




[01 18] A suspension of 8-(3-fluorophenyl)-9-(6-methoxy-3-pyridyl)-9H-6-purlneamine (890 mg, 2.65 mmol) obtained 
^5 in Example 1 in a cone, aqueous hydrobromic acid solution (1 2 ml) was stirred at 1 00 ®C for 1 5 minutes. After cooling 
as it was, the reaction solution was neutralized with 5N aqueous sodium hydroxide solution, and the resulting solid 
was collected by filtration, washed with water, ethyl acetate and diethyl ether, to give the title compound (767 mg, 90 
%) as a colorless solid. ^HNMR (400 MHz, DMSO-dg) 5 ppm; 6.42 (1H, d, J= 9.2 Hz), 7.29-7.36 (1H, m) , 7.40-7.56 
(6H, m), 7.70 (1H, d, J = 2.8 Hz), 8.15 (1H, s). 
50 [0119] This compound (200 mg, 0.621 mmol) was dissolved In methanol-4N hydrochloric acid/ethyl acetate (10 
drops) and concentrated. After the residue was crystallized from methanol/ethyl acetate/diethyl ether, the solid was 
collected by filtration and washed with diethyl ether, to give the hydrochloride (189 mg, 85 %) as a colorless solid. 
1H NMR (400 MHz, DMSO-dg) 5 ppm; 6.47 (1H, d, J = 9.6 Hz), 7.36-7.43 (1H, m), 7.44-7,60 (4H. m). 7.77 (1H, d, J = 
2.8 Hz), 8.47 (1H.S). MS m/e (ESI):323 (MH+). 

55 
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Example 3 5- f8-(3-Fluorophenvl)-6-(methylamino)-9H-9-purinylM ,2-dihvdro-2-pvridinone hydrochloride 
[0120] 



10 



15 



25 



NHMe HCl 




[0121] Monomethylamine was used In place of ammonia in (4) in Example 1 , and synthesis was carried out in the 
same manner as in Example 2. 
20 1 H NMR (400 MHz, DMSO-dg) 6 ppm; 3.1 0 (3H, br s), 6.47 (1 H, d, J = 9.2 Hz), 7.34-7.42 (1 H, m), 7.42-7.60 (4H, m). 
7.76(1H. d, J = 2.8 Hz), 8.41 (1H, s). 
MS m/e (ESI) :337 (MH+). 



Example 4 5-[6-(Dimethylamino)-8-(3-fluorophenyl)-9H-9-purinyl]'1,2-dihydro-2-pyridinone hydrochloride 
[0122] 




40 [0123] Dimethylamine was used In place of ammonia in (4) in Example 1 , and synthesis was carried out in the same 
manner as In Example 2. 

1H NMR (400 MHz. DMSO-dg) 5 ppm; 3.56 (6H, br s), 6.46 (1H, d, J = 9.2 Hz), 7.32-7.39 (IN, m), 7.42-7.57 (4H, m), 
7.75 (1H, d, J = 2.8 Hz). 8.32 (1H, s). 
MS m/e (ESI) : 351 (MH+). 



50 



55 



28 



EP 1 221 444 A1 

Example 5 5-f 6-Amino-8-(3-fluorophenvl)-9H-9-purinvlM -methyl-1 .2-dihydro-2-pvridinone hydrochloride 
[0124] 

5 



NH2 HCl 



10 




[0125] N,N-Dimethylformamide dimethylacetal (0.5 ml, 3.76 mmol) was added to a suspension of 5-[6-amlno- 
8-{3-fluorophenyl)-9 H-9-purinyl]-1,2-dlhydro-2-pyridlnone (1.0 g. 3.10 mnnol) in Example 2 in N,N-dimethylformamide 
(1 0 ml) and stirred in a nitrogen atmosphere at room temperature. After 1 hour, N.N-dimethylformamide dimethyl acetal 
(0.5 ml, 3.76 mmol) was further added thereto and stirred for additional 1 .5 hours. The reaction solution was ice-cooled, 

20 and 60 to 70 % sodium hydride (136 mg, 3.40 mmol) was added thereto at 0 to 6 °C and stirred. After 30 minutes, 
iodomethane (0.29 ml, 4,66 mmol) was added dropwise thereto and stirred. After 20 minutes, cone, ammonia water 
(10 ml) was added thereto and stirred at room temperature. After 1 6 hours, the reaction solution was diluted with a 
saturated aqueous ammonium chloride solution and ethyl acetate. The aqueous layer was extracted with ethyl acetate 
(X4), and the combined organic layers were washed with 1 N aqueous sodium hydroxide solution (x 1 ) and a saturated 

25 aqueous ammonium chloride solution (xl), dried over anhydrous sodium sulfate and concentrated. The residue was 
suspended in ethyl acetate, and the solid was collected by filtration and washed with ethyl acetate, to give the title 
compound in free form (703 mg) . This free compound was dissolved in methanol-4N hydrochloric acid/ethyl acetate 
(1.5 ml) and concentrated. The residue was crystallized from methanol/ethyl acetate/diethyl ether, and the solid was 
collected by filtration and washed with diethyl ether, to give the title compound (697 mg, 60 %) as a colorless solid. 

30 1H NMR (400 MHz, DMSO-dg) 5 ppm; 3.46 (3H, s), 6.52 (1 H, d. J o 9.2 Hz), 7.36-7.43 (1 H, m), 7.44-7.60 (4H, m), 8.15 
(1H, d, J = 2.8 Hz), 8.42 (1H, s). 
MS m/e (ESI) :337 (MH+). 

Example 6 5-[6-(Dimethylamlno)-8-(3-fluorophenyl)-9H-9-purinyll-1 -methyl-1 ,2-dihydro-2-pyridinone hydrochloride 

35 

[0126] 



NMea HCl 



45 




o 



50 [01 27] 60 to 70 % sodium hydride (28 mg. 0.700 mmol) was added to a suspension of 5-[6-(dimethylamino)-8-(3-fluor- 
ophenyl)-9H-9-purinyl]-1,2-dihydro-2-pyridinone hydrochloride (130 mg, 0.336 mmol) in Example 4 in N,N-dimethyl- 
formamide (3 ml), and the mixture was stirred in a nitrogen atmosphere at 0 to 6 °C. After 1 hour, Iodomethane (23 ^1, 
0.369 mmol) was added thereto and stirred. After 30 minutes, 60 to 70 % sodium hydride (17 mg, 0.425 mmol) was 
added thereto, and 30 minutes thereafter, additional iodomethane (23 }i,l, 0.369 mmol) was added thereto and stirred. 

55 After 30 minutes, the reaction solution was diluted with a saturated aqueous ammonium chloride solution and ethyl 
acetate. The organic layer was washed with a saturated aqueous ammonium chloride solution (x 1 ) and then extracted 
with 1N hydrochloric acid (xl). The IN hydrochloric acid layer was adjusted to pH 9-10 with IN aqueous sodium 
hydroxide solution and extracted with ethyl acetate (xl). The organic layer was dried over anhydrous sodium sulfate 
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and concentrated. The residue was dissolved in methanol-4N hydrochloric acid/ethyl acetate (1 .5 ml) and concentrated. 
The residue was crystallized from methanol/diethyl ether, and then the solid was collected by filtration and washed 
with diethyl ether, to give the title compound (90 mg, 67 %) as a colorless solid. 

1 H NMR (400 MHz, DMSO-dg) 5 ppm; 3.46 (3H, s), 3.56 (6H, s), 6.51 (1 H, d, J = 9,6 Hz), 7,33-7.39 (1 H, m), 7.46-7.56 
5 (4H, m), 8.14 (1H, d, J = 2,4 Hz), 8.31 (1H, s). 
MS m/e (ESI) :365 (MH+). 

Example 7 8-(3-Fluorophenyl)-2-iodo-9-(6-methoxy-3-pyridyl)-9H-6-purineamine 
10 [0128] 



75 



20 




25 (1) Synthesis of N1-(5-amlno-4.6-dichloro-2-pyrimidinyl) acetamide 

[0129] N1 -(4,6-Dichloro-5-nitro-2-pyrimldinyl)aoetamlde (100 g, 0.40 mol) and Raney nickel (1 00 g, wet) were sus- 
pended in methanol (1.5 L) and stirred vigorously for 5 hours in a hydrogen atmosphere, at ordinary temperature and 
at normal pressure. After the nickel was filtered off, the filtrate was concentrated. The residue was crystallized from 
30 methanol/ethyl acetate, and the crystals were collected by filtration and washed with ethyl acetate, to give the title 
compound (44.6 g, 51 %) as a brown solid. 

1H-NMR (400MHz, DMSO-dg) 6ppm 2.05(3H,s), 5.78(2H,s). 1 0.53(1 H,s). 

(2) N4-(6-Methoxy-3-pyridyl)-6-chloro-2,4,5-pyrimidine triamine 

35 

[0130] 5-Amino-2-methoxypyridine (1 2.4 g, 99.9 mmol) and cone, hydrochloric acid (3.0 ml) were added successively 
to a suspension of the compound (1 0.0 g, 45.2 mmol) obtained in (1 ) in water (200 ml)/ethanol (30 ml), and the mixture 
was heated under reflux for 3.5 hours. After cooling as it was, the reaction solution was neutralized with a saturated 
aqueous sodium bicarbonate solution, and the resulting crystals were collected by filtration, washed with water and 
40 air-dried at 50^C, to give the title compound (9.25g, 66%) as a reddish brown solid. 

1 H NMR (400 MHz, DMSO-dg) 5 ppm; 3.83 (3H, s), 4.1 6 (2H, br s). 5.89(2H, br s). 6.78(1 H, d. J«9,0Hz), 8.00 (1 H, dd. 
J=2.6,9.0Hz), 8.36 (1H, s), 8.56 (1H, d, J = 2.6 Hz). 

(3) 6-Chloro-8-(3-fluorophenyl)-9-(6-methoxy-3-pyridyl)-9H-2-purineamine 

45 

[0131] 3-Fluorobenzaldehyde (3.0 g, 24.2 mmol) and acetic acid (1 .8 ml) were added successively to a suspension 
of the compound (6.0 g, 1 9.4 mmol) obtained in (2) in methanol (60 ml), and the mixture was stirred at room temperature 
for 15 hours. The reaction solution was concentrated and then subjected twice to azeotropic distillation with toluene. 
The resulting azeotroplcally distillated residue was suspended in ethanol (60 ml), and a solution of anhydrous iron (III) 
so chloride in ethanol (30 ml) was added thereto at room temperature and heated under reflux for 3.5 hours. After cooling 
as it was, the reaction solution was concentrated. The residue was suspended in a small amount of methanol, and the 
solid was collected by filtration and washed with ethanol, to give the title compound (5.2 g, 72%) as a brown solkl. 
1 H NMR (400MHz, DMSO-dg) 5 ppm 3.91 (3H, s), 7.00 (1 H, d, J=8.8Hz), 7.09 (2H. br s). 7.27-7.35 (3H, m), 7.42-7.48 
(1H. m), 7.83(1 H,dd, J=2.6,8.8Hz), 8.30 (1H, d, J=2.6Hz). 

55 

(4) 6-Chloro-8-(3-fluorophenyl)-2-iodo-9-(6-methoxy-3-pyridyl)-9H-2-purine 

[0132] Copper (I) iodide (2.1 g, 11.0 mmol), diiodomethane (4.4 ml, 54.5 mmol) and isoamyl nitrite (4.4 ml, 32.8 
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mmol) were added successively to a solution of the compound obtained in (3) tetrahydrofuran (80 ml) at room temper- 
ature, and the mixture was stirred at 70 °C for 2 hours. After cooling as it was, the Insoluble matters were filtered off. 
The filtrate was diluted with ethyl acetate and 1 N hydrochloric acid, and the organic layer was washed with cone, 
ammonia water/saturated aqueous ammonium chloride solution (1 : 1) (X1 ) and a saturated aqueous ammonium chlo- 
s ride solution (X1 ), dried over anhydrous sodium sulfate and concentrated. The residue was suspended in diethyl ether, 
and the solid was collected by filtration and washed with diethyl ether, to give the title compound (2.98 g, 57 %) as a 
reddish brown solid. 

1H NMR (400MHz, DMSO-dg) 5 ppm 3.94 (3H, s). 7.06 (1H. d, J=8.8Hz), 7.34-7.44 (3H, m), 7.48-7.55 (1H, m), 7.88 
(1H, dd, J=2.8,8.8Hz), 8.34 (1H, d, J=2.8Hz). 

10 

(5) 8-(3-Fluorophenyl)-2-iodo-9-(6-methoxy-3-pyridyt)-9H-6-purineamine 

[0133] A suspension of the compound (2.98 g, 61.9 mmol) obtained in (4) in 1 ,2-dlmethoxyethane (60 ml)/conc. 
ammonia water (30 ml) was stirred for 6 hours in an autoclave at 70 ^C. After cooling as it was, the reaction solution 
15 was concentrated. The residue was suspended in methanol, and the solid was collected by filtration and washed with 
methanol, to give the title compound (2.69 g, 94 %) as a colorless solid. 

1H NIVIR (400IVIHZ, DMSO-dg) 5 ppm 3.92 (3H, s), 7.00 (1H, d, J=9.0Hz), 7.24-7.35 (3H, m) , 7.42-7.49 (1H, m), 7.81 
(1H, dd. J=2.6.9.0Hz), 7.92 (2H, br s), 8.25 (1H. d. J = 2.6 Hz). 

20 Example 8 5-[6-Amino-2-bromo-8-(3-f!uorophenyi)-9H-9- purlnyl]-1,2-dihydro-2>pyrldlnone 

[0134] 



30 




o 



35 

[0135] A suspension of the compound (100 mg, 0.216 mmol) in Example 7 in a cone, aqueous hydrobromic acid 
solution (2 ml) was stirred at 100 °C for 15 minutes. After cooling as It was, the reaction solution was diluted with water, 
and the solid was collected by filtration and washed with water and ether, to give the title compound (71 mg, 79 %) as 
a colorless solid. 

40 1H NMR(400MHz,DMSO-d6) S ppm 6,45(1 H,d,J=9.6Hz), 7.30-7.38(1 H,m), 7.38-7.46(2H,m), 7.46-7.66(2H,m), 7.73 
(1H.d,J=2.8Hz), 8.01(2H,brs). 

Example 9 5-[6-Amino-8-(3-fluorophenyl)-2-propoxv-9H-9-purinyn-1.2-dihvdro-2-pyridinone hydrochloride 
45 [0136] 



50 



55 




31 



EP 1 221 444 A1 

[0137] The compound (82 mg, 0.204 mmol) in Example 8 was added to a solution of sodium (30 mg, 1 .30 mmol) In 
1-propanol (3 ml) and heated under reflux for 4 hours. After cooling as It was, the reaction solution was diluted with a 
saturated aqueous ammonium chloride solution and ethyl acetate. The organic layer was washed with a saturated 
aqueous ammonium chloride solution (X1), dried over anhydrous sodium sulfate and concentrated. The residue was 
5 dissolved in methanol-5N hydrochloric acid (3 drops) and concentrated. The residue was crystallized from methanol/ 
ether, and the solid was collected by filtration and washed with ether, to give the title compound (71 mg, 67 %) as a 
colorless solid. 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 6.45 (1H, d, J = 9.6 Hz), 7.30-7.38 (1H,m), 7.38-7.46(2H,m), 7.46-7.66(2H,m), 
7.73(1 H,d,J=2.8Hz). 8.01 (2H, br s). 
10 MS m/e (ESI):381 (MH+). 

Example 1 0 8-(3-Fluorophenvl)-9-(6-methoxy-3-pyrldvl)-2-(1-pentynyl)-9H-6-purlneamlne 

[0138] 

15 




[0139] Triethylamlne (0.2 ml, 1.43 mmol) was added dropwise to a suspension of the compound (200 mg, 0,433 
mmol) in Example 7, copper (t) Iodide (8 mg, 42.0 (xmol), dichlorobis(tnphenylphosphine) palladium (II) (30 mg, 42.7 

30 ^mol) and 1-pentyne (60 mg, 0.880 mmol) in N.N-dlmethylformamide (3 ml) in a nitrogen atmosphere at room temper- 
ature, and the mixture was stirred for 18 hours. The reaction solution was diluted with a saturated aqueous ammonium 
chloride solution and ethyl acetate. The organic layer was washed with cone, ammonia water/saturated aqueous am- 
monium chloride solution (1 :1) (xl) and a saturated aqueous ammonium chloride solution (xi), dried over anhydrous 
sodium sulfate and concentrated. The residue was suspended in diethyl ether, and the solid was collected by filtratbn 

35 and washed with diethyl ether, to give the title compound (148 mg, 85 %) as a pale brown solid. 

1H NMR (400MHz.DMSO-d6) 5 ppm 0.97(3H, t, J = 7.2 Hz), 1.53 (2H, sex, J = 7.2 Hz), 2.35 (2H, t, J * 7.2 Hz), 3.92 
(3H, s), 7.01 (1 H, d, J = 8.8 Hz), 7.26-7.38 (3H. m) , 7.42-7.49 (1 H. m). 7.61 (2H,br s), 7.80(1 H, dd, J=2.8,8.8Hz), 8.24 
(1H, d, J=2.8Hz). 

^0 Example 1 1 8-(3-Fluorophenyl)-9-(6-methoxy'3-pyrldyl)-2-pentyl-9H-6-purineamine 
[0140] 



45 



50 




55 

[0141] After 10 % hydrous palladium-carbon (25 mg) was added to a solution of the compound (127 mg, 0.31 6 mmol) 
in Example 10 In methanol (20 ml) and stirred vigorously for 4.5 hours in a hydrogen atmosphere, at ordinary temper- 
ature and at normal pressure. After the palladium-carbon was filtered off, the filtrate was concentrated, to give the title 
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compound (122 mg, 95 %) as a brown solid. 

1H NMR (400MHz. CDCI3) 5 ppm 0.88 (3H. t, J 7.2 Hz), 1.27-1.40 (4H. m), 1.70-1.83 (2H, m). 2.75 (2H, t, J = 7.6 
Hz), 3.98 (3H,s), 5.87(2H,br s), 6.85(1 H,d,J=8.8Hz), 7.06-7.12(1 H,m), 7.19-7.34 (3H,m), 7.53(1H. dd, J»2.8,8.8Hz), 
8.13 (1H,d. J=2.8Hz). 

Example 12 5-[6-Amino-8-(3-fluorophenyl)-9-(6-methoxy-3-pyridyl)-2-pentvl-9H-9'Purinvl1-1,2-dihydrO'2-pyridinone 
hydrochioride 

[0142] 



NH2 HCl 



15 




o 



[0143] 8-(3-Fluorophenyl)-9-(6-methoxy-3-pyridyl)-2-pentyl-9H-6-purineamine obtained in Example 11 was treated 
in the same manner as in Example 2 and converted into the hydrochloride, to give the title compound. 
25 1H NMR (400MHz, DMSO-dg) 5 ppm 0.86 (3H, t, J = 7.2 Hz), 1.25-1.37 (4H.m), 1.65-1.77(2H,m), 2.80(2H,t,J=7.6Hz), 
6.47(1 H,d,J^9.6Hz), 7.36-7.37 (3H,m), 7.51(1H,dd,J=2.8,9.6Hz), 7.53-7.60(1 H,m), 7.76(1 H,d,J«2.8Hz). 
MS m/e (ESI) : 393 (MH+). 

Example 1 3 N-[8-(3-Fluorophenyl)-9-(2-proplnyl)-9H-6-purinyl]-N,N-dimethylamine hydrochloride 

30 

[0144] 



35 



40 




1) Synthesis of N4'(2-propenyl)-6-chloro-4.5-pyrimidlne diamine 

45 [0145] A solution of 8 g 5-amlno-4,6-dichloropyrimidlne, 5 ml propargylamine and 42 ml diisopropyl ethyl amine in 
1 00 ml butanol was stirred for 6 hours and 1 0 minutes in a nitrogen atmosphere at 1 40 °C. Ethyl acetate and HgO were 
added to the reaction mixture, and this mixture was filtered through Celite, and the residue was extracted with ethyl 
acetate. The organic layer was dried over magnesium sulfate, and the residue was purified by silica gel column chro- 
matography (eluted with ethyl acetate :n-hexane=1 :1), and the objective fractions were concentrated. The residue was 

so crystallized from diethyl ether, to give the title compound (4.8 g, 54 %) as pale brown crystals. 

1 HNM R (400MHz, CDCI3) 5 ppm; 2.26 (1 H,t, J=2.4Hz), 3.40(2H,br s), 4.28 (2H. d, J=2.4Hz), 4.98 (1 H, br s), 8. 1 0 (1 H, s). 

2) 6-Chloro-8-(3-fluorophenyl)-9-(2-propinyl)-9H-purine 

55 [0146] N4-(2-Propenyl)-6-chloro-4,5-pyrlmidine diamine obtained in 1) and 3-fluorobenzoyl chloride were reacted in 
the same manner as in 2) in Example 1, to give the title compound. 
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3) N-[8-(3-Fluorophenvl)-9-(2-propinvl)-9H-6-purinyl1-N.N-dirnethvlamine hydrochloride 

[0147] A solution of 150 mg 6-chloro-8-(3-fluorophenyl)-9-(2-proplnyl)-9H-punne and 5 ml of 40 % aqueous dimeth- 
ylamine in 5 ml ethanol was stirred for 14 hours In an autoclave at 70 **C. HgO was added to the reaction mixture, and 
the resulting suspension was filtered and washed with diethyl ether, to give N-[8-(3-fluorophenyl)-9-(2-propinyl)-9H- 
6-purinyl]-N,N-dimethylamine. 1 ml of 5 M aqueous hydrochloric acid was added to a suspension of this compound in 
methanol, and the solvent was evaporated from this methanol solution. The resulting suspension was filtered and 
washed with diethyl ether, to give the title compound (97 mg, 64 %). 

1H NMR (400 MHz, DIVISO-de) 5 ppm 3.47 (1H, t, J=2.4Hz), 3.56 (6H.brs), 5.16 (2H, d. J=2.4Hz) 7.45-7,47 (1H, m), 
7.63-7.69 (IH.m), 7.72-7.78 (2H, m), 8.39 (1H, s). 
MS m/e (ESI):296(MH+). 

[0148] The compounds in Examples 14 to 16 were obtained In a similar manner. 

Example 14 8-(3-Fluorophenyl)-9-(2-propinyl)-6-tetrahydro-1 H-1 -pyroryl-9H-purlne hydrochloride 

[0149] 




1H NMR (400MHz, DMSO-de) 5 ppm 1.93-2.1 0(4H,m), 3.51(1H.t,J=:2.4Hz), 3.66-3.81 (2H. m). 4.15-4.30 (2H, m), 5.20 
(2H. d, J=2.4Hz). 7.42-7.49 (1H. m), 7.63-7.69 (1H. m). 7.73-7.78 (2H. m), 8.44 (1H, s). 
MS m/e (ESI):322(MH''). 

Example 1 5 N-Cyclopropyl-N-[8-(3-fluorophenyl)-9-{2-proplnyl)-9H-6-purinyl]amine 
[0150] 




1H NMR {400MHz, DMSO-dg) 5 ppm; 0.74-0.89 (2H, m), 0.89-0.94 (2H, m), 2.80-2.97 (1H. m). 3.46 (1H, t. J=2.0Hz), 
5.15 (2H, d, J=2.0Hz), 7.46-7.50 (1H, m), 7.65-7.76 (3H,m), 8.54 (1H, s). 
MS m/e (ESI) :308(MH+). 
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Example 1 6 8-(3'Fluorophenvl)-9-(2-propinvl)-9H-6-purineamine hydrochloride 



[0151] 




1H NMR (400 MHz. DMSO-dg) 5 ppm; 3.52 (1H, t, J=2.4), 5.16 (2H, d, J=2.4), 7.47-7.51 (1H, m), 7.66-7.77 (3H, m), 
8.45 (1H,s). 

MS m/e (ESI): 267.92 (MH+) 

Example 1 7 9-Allyl-8-(3-fluorophenyl)-9H-6-purineamine hydrochloride 
[0152] 




[0153] The title compound was obtained in the same treatment as in Example 13 except that allyl amine was used 
in place of propargylamine. 

1 H NMR (400 MHz. DMSO-dg) 5 ppm; 4.83 (1 H. dd, J = 0.91 . 1 7.2), 4.95(2H. m), 5.16(1 H, dd, J = 0.91 , 1 0.4), 7.45-7.47 
(1H, m), 7.61-7.65 (3H, m), 8.48 (1H, s). 
MS m/e (ESI) :269.91 (MH+) 

Example 1 8 9-(2-Butynyl)-8-(3-fluorophenyl)-9H-6-purineamine hydrochloride 
[0154] 



NHs HCI 




1 ) 2-Butynyl methanesulfonate 

[0155] 305 ml methanesulfonyl chloride was added dropwise to a solution of 1 38 g 2-butyn-1 -ol and 683 ml triethyl- 
amine in 2.7 L methylene chloride under ice-cooling, and the mixture was stirred at 0 °0 for 1 hour and 40 minutes. 
Ice was added to the reaction solution under ice-cooling, and this mixture was extracted with methylene chloride. The 
organic layer was successively washed with 1 M aqueous hydrochloric acid, a saturated aqueous sodium bicarbonate 
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solution and brine, and the organic iayer was dried over magnesium sulfate. This organic layer was filtered and then 
the solvent was evaporated, to give a dark brown oil (280 g, 96 %). 

2) 1 -Bromo-2'butyne 

5 

[0156] 493 g lithium bromide was added dropwise to a solution of 280 g 2-butynyl methanesulfonate in 3.5 L dimeth- 
ylformamide under ice-cooling, and the mixture was stirred for 2 hours in a nitrogen atmosphere at room temperature. 
Ice was added to the reaction mixture under ice-cooling, and this mixture was extracted with diethyl ether. The aqueous 
layer was extracted again with diethyl ether, and the whole organic layer was washed with water and then with brine, 
10 and the organic iayer was dried over magnesium sulfate. This organic layer was filtered and then the solvent was 
evaporated, to give a dark brown oil (137 g, 54 %). 

3) N.N-Diformvl-2-butvne 

15 [0157] 117 gdlformyllmidesodiumsaltwas added dropwise to a solution of 137g 1-bromo-2-butyne in 1.3 Ldlmeth- 
ylformamide under Ice-cooling, and stirred for 3 hours and 50 minutes in a nitrogen atmosphere at room temperature. 
Tetrahydrofuran was added to the reaction mixture at room temperature, and the resulting suspension was filtered to 
give crystals. The resulting crystals were washed with tetrahydrofuran. The whole filtrate was added to a mixture of 
ethyl acetate and water, followed by extracting. The aqueous layer was extracted again with ethyl acetate, and the 

20 whole organic layer was washed with water and brine, and dried over magnesium sulfate. This organic layer was 
filtered, and the solvent was evaporated, to give a dark brown oil (77 g, 60 %). 

4) 2-Butine-1 -amine hydrochloride 

25 [0158] 77 g N,N-dlformyl-2-butlne and 390 ml of 1 0 % hydrochloric acld-methanol solution were stirred at 65 °C for 
15 minutes in a nitrogen atmosphere. The reaction mixture was cooled, diethyl ether was added thereto, the resulting 
suspension was filtered and washed with diethyl ether, to give 2-butyn-1 -amine hydrochloride (26 g, 40 %). 
NMR (400MHz, DMSO-dg) 5 ppm; 1.85 (3H, t, J=2.6Hz), 3.63 (2H, q, 5Hz). 8.47 (2H, bs). 

30 5) N1-[4-Chloro-6-(2-propylamino)-5-pyrimidinyl]-3-fluorobenzamide 

[0159] 5.9 ml of 3-fluorobenzoyl chloride was added dropwise to a solution of 48.8 mmol N4-(2-propinyl)-6-chloro- 
4,5-pyrimldine diamine In 50 ml pyridine, and this mixture was stirred for 15 minutes in a nitrogen atmosphere at 0 ''C 
and further stirred for 30 minutes at room temperature. Water was added to the reaction solution at room temperature, 
35 and the resulting mixture was extracted with ethyl acetate. The organic layer was successively washed with water and 
brine, and the whole aqueous layer was extracted again with ethyl acetate. The whole organic layer was dried over 
magnesium sulfate and filtered, followed by evaporating the solvent to give crystals. The resulting crystals were washed 
with diethyl ether and collected by filtration, to give 5.64 g of N1-[4-chloro-6-(2-proplnylamlno)-5-pyrimidinyl]-3-fluor- 
obenzamide as white crystals. 

40 iH NMR (400 MHz, DMSO-dg) 6 ppm; 3.07 (IN, t, J«2.4Hz). 4.12-4.14 (2H, m), 7.45-7.50 (1H, m), 7.58-7.63 (1H, m), 
7.80-7.87 (2H, m), 8.05-8.08 (1H, m), 8.34 (IH, s). 

[0160] Then, a suspension of 5.64 g N1-[4-chloro-6-(2-propinyiamino)-5-pyrimldinyl]-3-fluorobenzamide in 56 ml 
phosphorus oxychloride was stirred at 120 °C for 7 hours. The phosphonjs oxychloride was evaporated from the 
reaction solution, and ice-water was added to the residue. This mixture was neutralized with sodium bicarbonate, and 

45 the resulting mixture was extracted with ethyl acetate. The aqueous layer was filtered through Celite, and the filtrate 
was extracted again with ethyl acetate, and the whole organic layer was dried over magnesium sulfate. The residue 
was purified by silica gel short-column chromatography, and the resulting crystals were washed with diethyl ether and 
collected by filtration, to give 6-chloro-8-(3-fluorophenyl)-9-(2-propinyl)-9H-purine (2.08 g, 35 %) as pale brown crystals. 
1H NMR (400MHz, DMSO-dg) 5 ppm 3.56(1 H.t,J=2.6Hz), 3.40(2H,d,J=2.4Hz). 7.53-7.58 (1H, m), 7.71-7,76 (IH, m). 

50 7.82-7.87 (1 H, m), 8.89 (1 H, s). 
MS m/e (ESI) : 287(MH+). 

[0161] The product was converted in a usual manner Into its hydrochloride, to give 9-(2-butynyl)-8-(3-fluorophenyl)- 
9H-6-purlneamlne hydrochloride. 

IH NMR (400MHz,DMSO-d6) 5 ppm 1.75(3H,br s), 5.05(2H,d,J=2.0Hz), 7.41-7.50 (IH, m), 7.65-7.91 (5H, m), 8.29 
55 (IH, s). 

MS m/e (ESI): 282(MH+). 
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Example 1 9 5-r6-Amino-8-(3-fluorophenvl)-2-(3'hvdroxv-3-methvlO-butvnvl)-9H-9-purinyl1-1.2-dihvdro 
hydrochloride 

[0162] 

5 



10 



15 




1) 2-(Allyioxy)-5-nitropyridlne 

20 [0163] 60 to 70 % sodium hydride (3.0 g, 75.0 mmol) was added to a solution of allyl alcohol (8.6 g, 148 mmol) In 
N,N-dimethylformamlde (1 00 ml) under ice-cooling in a nitrogen atmosphere and stirred. After foaming was confirmed 
to disappear, 2-bromo-5-nitropyridine (10.3 g, 50.7 mmol) was added thereto and stirred as such for 20 minutes. The 
reaction solution was diluted with a saturated aqueous ammonium chloride solution and extracted with ethyl acetate 
(XI). The organic layer was washed with a saturated aqueous ammonium chloride solution (X3), dried over anhydrous 

25 sodium sulfate and concentrated, to give the title compound 24 in crude form (9.9 g, quant.) as a dark brown solid. 

NMR (400MHz, DMSO-de) 5 ppm 4.96 (2H, dt, J = 1.6, 5.6 Hz), 5.29 (1H, dq, J - 1.6, 10,4 Hz), 5.41 (1H. dq, J = 
1.6, 17.2 Hz), 6.03-6.14 (1H,m), 7.08(1 H,d,J=9.2Hz), 8.50(1 H,dd,J=2.8,9.2Hz), 9.08(1 H,d,J=2.8Hz). 

2) 6-(Allyloxy)-3'Pyridineamlne 

30 

[0164] Zinc powder (20 g, 306 mmol) was added little by little to a suspension of the crude compound (9.9 g, 50.7 
mmol) in 1 ) in ethanol (200 ml)Awater (1 00 ml)/acetic acid (1 0 ml), and stirred for 30 minutes. After the insoiuble matters 
were filtered off, the filtrate was diluted with ethyl acetate and a saturated aqueous ammonium chloride solution. The 
organic layer was washed with a saturated aqueous ammonium chloride solution (X1 ), 1 N aqueous sodium hydroxide 
35 (XI) and a saturated aqueous ammonium chloride solution (xl), dried over anhydrous sodium sulfate and concen- 
trated, to give the title compound 25 in crude form (6.7 g, 88 %) as a black brown liquid. 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 4.64 (2H, dt, J = 1.6, 5.2 Hz), 4.75 (2H, br s), 5.18 (1H, dq, J = 1.6, 10.4 Hz), 
5.32 (1H, dq, J = 1.6, 17.2 Hz), 5.97-6.08 (1H, m), 6.57 (1H, d. J = 8.8 Hz), 7.01 (1H, dd, J = 2.8, 8.8 Hz), 7.48 (1H, 
d. J = 2.8 Hz). 

40 

3) 5-[6-Amino-8-(3-fluorophenyl)-2-(3-hydroxy-3-methyl-1-butynyl)-9H-9-purinyl]-1,2-dihydro-2-pyridinone 
hydrochloride 

[0165] 10 % hydrous palladium-carbon (10 mg) and p-toluenesulfonic acid monohydrate (12 mg, 0.063 mmol) were 
45 added to a solution of the compound (90 mg, 0.202 mmol) in ethanol (1 0 ml) -water (2 ml), and the mixture was heated 
under reflux. After 30 minutes, p-toluenesulfonic acid monohydrate (110 mg, 0.578 mmol) was added thereto, and 1 .5 
hours thereafter, 10 % hydrous palladium-carbon (10 mg) and p-totuenesulfonic acid monohydrate (100 mg, 0.526 
mmol) were additionally added thereto, and the mixture was heated under reflux for 3 days. After the palladium-carbon 
was filtered off, the filtrate was diluted with ethyl acetate and washed with a saturated aqueous ammonium chloride 
50 solution (XI). After extraction with IN aqueous sodium hydroxide (xl), the aqueous layer was neutralized with 5N 
hydrochloric acid. The aqueous layer was extracted with ethyl acetate (xl ), then dried over anhydrous sodium sulfate 
and concentrated. The residue was dissolved in methanol-5N hydrochloric acid (3 drops) and concentrated. The residue 
was crystallized from methanol/ethyl acetate/diethyl ether, and the solid was collected by filtration and washed with 
diethyl ether, to give the title compound 27 (18 mg, 20 %) as a pale yellow solid. 
55 1 H NMR (400MHz, DMSO-dg) 5 ppm 1 .45 (6H. s), 6.46 (1 H, d, J=9.6Hz), 7.31 -7.38 (1 H. m). 7.40-7.47 (2H, m), 7.47-7.56 
(2H,m). 7.73 (1H, d, J = 2.8 Hz). 
MS m/e (ESI): 405 (MH+). 
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Example 20 1 -|2-[9-Allyl'6-annino-8-(3-fluorophenvl)-9H-2-purinyll-1 -ethynyll-l -cyclobutanol hydrochloride 
[0166] 



10 




IS 1 ) 1 -{2-f9-Allyl-6-chloro-8-(3-fluorophenyl)-9H-2-purinyl]-1 -ethynyl}-1 -cyclobutanol 

[0167] Triethylamine (25.2 ml, 343 mmol) was added dropwise to a suspension of 9-allyl-6-chloro-8-(3-fluorophenyl)- 
2-iodo-9H-purlne (50.0 g. 120.6 mmol), copper (I) Iodide (1.1 g, 22 mmol). dichlorobis(trjphenyiphosphine) palladium 
(II) (4.2 g, 22 mmol) and 1-(1-ethynyl)<1 -cyclobutanol (12.7 g, 132 mmol) In tetrahydrofuran (500 ml) In a nitrogen 

20 atmosphere at room temperature, and the mixture was stirred for 2 hours. The reaction solution was diluted with a 
saturated aqueous ammonium chloride solution and ethyl acetate. The organic layer was washed with a saturated 
aqueous ammonium chloride solution (X1) and brine (X1), dried over anhydrous sodium sulfate and concentrated. 
The residue was suspended in diethyl ether, and the solid was collected by filtration and washed with diethyl ether, to 
give the title compound (45.0g, 98%) as a pale brown solid. 

25 iH NMR (400MHz, CDCI3) 5 ppm; 1 .85-2.00 (2H, m), 2.32-2.42 (2H.m), 2.62-2.70 (2H. m). 5.00 (1H. d, J = 15.0 Hz), 
4.95-5.05 (2H,m). 5.32 (IH, d, J= 10.4 Hz), 6.00-6.10 (2H,m), 7.24-7.35 (1H,m), 7.50-7.65 (3H,m). 

2) 1-{2-[9-Ally]-6-amino-8-(3-fluorophenyi)-9H-2-purinyl]-1 -ethynyl}-1 -cyclobutanol hydrochloride 

30 [01 68] A suspension of 1 -{2-[9-allyl-6-chloro-8-(3-fluorophenyl)-9H-2-purinyl]-1 -ethynyl}-1 -cyclobutanol (45 g, 1 1 6.8 
mmol) in 1 ,2-dimethoxyethane (900 ml)/conc. ammonia water (450 ml) was stirred in an autoclave at 70 ''C for 5 hours. 
After cooling as it was, the reaction solution was diluted with an aqueous saturated ammonium chloride solution (X1 ) 
and ethyl acetate. The organic layer was washed with a saturated aqueous ammonium chloride solution (X1), dried 
over anhydrous sodium sulfate, and concentrated. The residue was suspended in diethyl ether, and the solid was 

35 collected by filtration and washed with diethyl ether, to give the title compound in free form (31 .3 g, 98 %). This free 
compound was suspended In 300 ml ethanol, dissolved by adding 26 ml of 5N hydrochloric acid, and concentrated. 
The residue was washed with diethyl ether and dried, to give 30 g of the title compound (yield 64 %). 
iH NMR (400 MHz, DMSO-dg) 5 ppm; 1.72-1.83 (2H, m), 2.18-2.24 (2H,m). 2.33-2.40 (2H, m), 4.76 (1H. d. J= 17.2 
Hz), 4.86-4.92 (2H, m), 5.14 (IH, d. J= 10.4 Hz), 5.95-6.05(2H. m), 7.38-7.42 (1H,m), 7.58-7.65 (3H,m). 

40 MS m/e (ESI): 364.01 (MH+). 

Example 21 5-[6-Amino-8-(2-furyl)-9H-9-purinyl]-1 -methyl-1 ,2-dihydro-2-pyrldlnone hydrochloride 
[0169] 




[0170] Sodium methoxide (1 50 mg, 2.78 mmol) was added to a methanol (8 ml) suspension of 5-[6-amlno-8-(2-furyl)- 
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9H-9-purinyl]-1,2-dihydro-2-pyridjnone (400mg, 1.36mmol) synthesized in the same method as In Example 1 (2), (3) 
and (4) and Example 2, and the mixture was stirred In a nitrogen atmosphere at room temperature. After 15 minutes, 
lodomethane (0.26 ml, 4.18 mmoi) was added thereto and further stirred for 16.5 hours. The reaction solution was 
concentrated, and the residue was subjected to silica gel column chromatography (eluting solvent: hexane, hexane/ 

5 ethyl acetate=40:1 , 20:1 , 1 0:1). The crude product was suspended in ethanol, and the solid was collected by filtration 
and washed with ethanol and diethyl ether, to give the title compound in free form (337 mg). The resulting free compound 
was dissolved in methanoMN hydrochloric acid/ethyl acetate (0.4 ml) and concentrated. The residue was crystallized 
from methanol/ethyl acetate/diethyl ether, and the solid was collected by filtration and washed with diethyl ether, to 
give the title compound (270 mg, 58 %) as a pale brown solid. 

10 1 H NMR (400 MHz, DMSO-dg) 5 ppm; 3.60 (3H, s), 6.58 (1 H, d. J = 9.8 Hz). 6.68 (1 H, dd, J = 1 .6, 3.6 Hz), 6.74 (1 H, 
d, J = 3.6 Hz), 7.60 (1H, dd, J = 3.2, 9.8 Hz), 7.96 (1H, d, J = 1.6 Hz), 8.24 (1H, d, J = 3.2 Hz), 8.41 (1H. s) 
MS m/e (ESI) 309 (MH+). 

Example 22 5-[6-Amino-8-(2-thienyl)-9H-9-purinyl]-1 -methyl-1 ,2-dihydro-2-pyridinone hydrochloride 

15 

[0171] 




30 [0172] The title compound was synthesized in the same manner as in Example 1 (2), (3) and (4), and Examples 2 
and 21, 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 3.51 (3H, s), 6.61 (1H, d, J = 9.6 Hz). 7.19 (1H, dd, J =3.8, 5.0 Hz), 7.41 (1H, 
dd, J = 1 .4, 3.8 Hz), 7.62 (1 H, dd, J = 2.8, 9.6 Hz), 7.83 (1 H, dd, J = 1 .4, 5.0 Hz), 8.30 (1 H, d, J = 2.8 Hz), 8.45 (1 H, s) 
MS m/e (ESI) 325 (MH+). 

35 

Example 23 5-[6-AminO'8-(3-fluorophenyl)-9H-9-purinyl]-1.4-dimethyM,2-dihydro-2-pyrldinone hydrochloride 
[0173] 

40 

NHi HQ 

Me— ^ ^Me 



[0174] The title compound was synthesized in the same manner as in Examples 1 , 2 and 21 . 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 3.42 (3H, s), 6.46 (1H, s), 7.38-7.60 (4H. m), 8.13 (1H, s), 8.42 (1H, s) 

MS m/e (ESI) 351 (MH+). 
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Example 24 5-[6-Amino-8-(3-fluorophenvl)-2-methyl-9H-9-purinyl1-1-methvl-1,2-dihydro-2-pyridin 
hydrochloride 

[0175] 



NHa HCl 




O 



[0176] The title compound was synthesized in the same manner as in Examples 1 , 2 and 21 . 

iH NMR (400 MHz, DMSO-dg) 5 ppm; 2.54 (3H, s), 3.43 (3H. s), 6.51 (1H, d, J = 10.0 Hz), 7.35-7.41 (IH, m). 7.44-7.57 

(4H, m), 8.11 (IH, d. J = 2.8 Hz) 

MS m/e (ESI) 351 (MH+). 

Example 25 5-[6-Amino-8-(3-f luorophenyl)-9H-9-puriny!]-1 -ethyl-1 ,2-dlhydro-2-pyridlnone hydrochloride 
[0177] 



NH2 HCl 




O 



[0178] The title compound was synthesized in the same manner as in Example 21 . 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 1.15 (3H, t, J = 7.2 Hz). 3.89 (2H, q, J = 7.2 Hz), 6.53 (IH, d, J = 9.6 Hz), 
7.38-7.43 (1 H. m), 7.45-7.49 (2H, m), 7,53 (1 H, dd, J = 2.8, 9.6 Hz), 7.54-7.60 (1 H, m), 8.1 0 (1 H, d, J = 2.8 Hz), 8.49 
(1H, s) 

MS m/e (ESI) 351 (MH+). 

Example 26 5-[6-(Cyclopropylamino)-8-(3-fluorophenyl)-9H-9-purinyll-1-methyl-1,2-dihydro-2-pyridinone 
[0179] 




[0180] The title compound was synthesized in the same manner as In Examples 1 (4), 2 and 21 . 
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NMR (400 MHz. DMSO-dg) 5 ppm; 0.62-0.67 (2H, m), 0.72-0.80 (2H, m), 2.94-3.20 (1 H. br), 3.43 (3H, s), 6.46 (1 H. 
d, J « 9.6 Hz). 7.28-7.34 {1H. m). 7.41-7.53 (4H. m). 8.09 (1H, d, J = 2.8 Hz), 8.11-8.28 (1H, br). 8.24 (IH. br s) 
MS m/e(ESI) 377 (MH+). 

Example 27 5-[6-Amino-8-(3-fluorophenyl)-9H-9-purinyl]-1-(2-hydroxyethyl)-1.2-dihydro-2-pyridinone 
[0181] 




[0182] The title compound was synthesized in the sanne manner as in Example 21 . 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 3.58 (2H, q, J = 5.2 Hz), 3.93 (2H, t, J = 5,2 Hz). 4.86 (1H, t, J = 5.2 Hz), 6.49 
(1H, d, J = 9.6 Hz), 7.29-7.36 (1H. m), 7.42-7.54 (6H. m), 7.94 (1H. d, J = 2.8 Hz), 8.15 (1H, s) 
MS m/e (ESI) 367 (MH+). 

Example 28 5-[6-AminQ-8-(3-fluQrQphenyl)-9H-9-purinyll-1-benzyl-1,2-dihydro-2-pyridinone 
[0183] 



NH2 

\ / 



[0184] The title compound was synthesized in the same manner as in Example 21 . 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 5.04 (2H, s), 6.57 (1H, d. J = 9.6 Hz). 7.06-7.13 (2H. m). 7.26-7.44 (6H. m), 
7.45-7.53 (3H, m), 7.63 (1H, dd, J = 3.2, 9.6 Hz), 8.13 (1H, d, J = 3.2 Hz), 8.16 (1H. s) 
MS m/e (ESI) 413 (MH+). 
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Example 29 1-Allyl-5-r6-amino-8-(3-fluorophenyl)-9H-9-purinyll-1.2'dihvdro-2-pvridinone 
[0185] 



NH2 

W F 
O 



[0186] The title compound was synthesized In the same manner as In Example 21 . 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 4.49 (2H. d, J = 5.2 Hz). 4.90 (1H, d, J = 16.8 Hz), 5.10 (1H, d, J = 10.4 Hz), 
5.88 (1H, ddd, J = 5.2, 10.4, 16.8 Hz). 6.54 (1H, d. J = 9.6 Hz), 7.30-7.35 (1H, m), 7.41-7.63 (5H, m), 7.45-7.53 (3H, 
m). 7.56 (1 H. dd, J = 3.2, 9.6 Hz), 7.93 (1 H, d, J = 3.2 Hz), 8.1 6 (1 H. s) 
MS m/e (ESI) 363 (MH+). 

Example 30 2-f5-[6-Amino-8-{2-furyl)-9H-9-purinyll-2-oxo-1 .2-dihydro-2-pyrldlnyl1 acetic acid 
[0187] 




[0188] 5N aqueous sodium hydroxide (2.0 ml, 10 mmol) was added to a solution, in methanol (6 ml)/tetrahydrofuran 
(6 ml)/water (10 ml), of ethyl 2-[5-[6-amino-8-(2-furyl)-9H-9-purinyl]-2-oxo-1 ,2-dihydro-2-pyridlnyl] acetate (600 mg, 
1 .47 mmol) synthesized In the same manner as in Example 21 , and the mixture was stirred at room temperature for 3 

hours. The reaction solution was concentrated, dissolved in water and neutralized with 5N hydrochloric acid. The 
resulting crystals were collected by filtration and washed with water, to give the title compound (252 mg, 57 %) as a 
colorless solid. 

1 H NMR (400 MHz, DMSO-dg) 5 ppm; 4.61 (2H. s), 6.53 (1 H. d, J = 9.6 Hz). 7.29-7.35 (1 H, m), 7.45-7.52 (5H, m); 7.55 
(1 H, dd, J = 2.8, 9.6 Hz), 8.05 (1 H. d. J « 2.8 Hz). 8.1 6 (1 H. s) 
MS m/e (ESI) 381 (MH+). 
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Example 31 2-r5'f6-Amino-8-(2-furvl)-9H-9-purinyl1-2-oxo-1 ,2-dihvdro-2-Pvridinvn butyric acid 



[0189] 



10 




,5 b booH 

[0190] The title compound was syntliesized in the same manner as in Examples 21 and 30. 
1H NMR (400 MHz, DMSO-de) 5 ppm; 1.78 (2H, quint, J - 7.2 Hz), 2.12 (2H. t, J = 7.2 Hz). 3,89 (2H, t. J = 7.2 Hz), 
6.51 (1H, d, J = 9.6 Hz), 7.28-7.34 (1H, m), 7.41-7.54 (6H, m). 7.99 (1H. d. J = 2.8 Hz), 8.16 (1H, s) 
20 MS m/e (ESI) 409 (MH-^). 

Example 32 2-[5-[6-Amino-8-(2-furyl)-9H-9-purinyl]-2-oxo-1,2-dihydro-2-pyridinyl] acetamide 

[0191] 



NH2 




[0192] A suspension of 2-[5-(6-amino-8-(2-furyl)-9H-9-purinyl]-2-oxo-1,2-dihydro-2-pyridlnyl]acetic acid (150 mg. 

0. 394 mmol), 1 -hydroxybenzotriazole (180 mg, 1.18 mmol), ammonium chloride (105 mg, 1.96 mmol), 1 -ethyl-3-(3'- 
40 dlmethylaminopropyl)carbodiimide (1 84 mg, 1.19 mmol) and triethylamine (0.28 ml, 2.00 mmol) in N,N-dlmethylforma- 

mide (3 ml) was stirred at room temperature for 20 hours. The reaction solution was concentrated, and the residue 
was subjected to silica gel column chromatography (eluting solvent: dichloromethane, dlchloromethane/methanol=20: 

1, 10:1, 4:1). The crude product was suspended in ethanol, and the solid was collected by filtration and washed with 
ethanol, to give the title compound (96 mg, 64 %) as a colorless solid. 

45 1 H NMR (400 MHz, DMSO-dg) 5 ppm; 4.51 (2H, s), 6.48 (1 H, d, J = 9.6 Hz), 7.21 (1 H, br s), 7.28-7.34 (1 H, m). 7.45-7.54 
(6H. m), 7.62 (1H, brs), 7.98 (1H, d, J = 2.8 Hz), 8.16 (1H, s) MS m/e (ESI) 380 (MH+). 
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Example 33 5-[2-(3-Fluorophenyl)'7.8-dihvdro-3H-imidazo[2J-npurine-3-yn-1.2<lihydro-2-pyridin^ 
[0193] 



5 



10 



15 




20 [0194] Thionyl chloride (1.1 ml, 15.1 mmol) was added to a suspension of 8-(3-fluorophenyl)-6-(2-hydroxyethylami- 
no)-9-(6-methoxy-3-pyridyl)-9H-6-purine (800 mg, 2.10 mmol) synthesized in the same manner as in Example 1 (4) 
and Example 2 in 1 ,2-dichloroethane (20 ml), and the mixture was stirred at 80 ®C for 9.5 hours. After cooling as it 
was, the reaction solution was concentrated and diluted with 1 N hydrochloric acid and ethyl acetate. The aqueous 
layer was neutralized with 5N aqueous sodium hydroxide. The resulting crystals were collected by filtration and washed 

25 with water, to give 620 mg crude crystals. The resulting crude crystals were dissolved in cone, hydrochloric acid (10 
ml) and heated under reflux for 8 hours. The reaction solution was left and cooled, and then neutralized with 5N aqueous 
sodium hydroxide. The resulting crystals were collected by filtration and washed with water, to give the title compound 
(210 mg, 29 %) as a pale brown solid. 

1 H NMR (400 UHz, DMSOdg) 5 ppm; 3.95 (1 H, t, J = 9.4 Hz), 4.13 (1 H, t, J = 9.4 Hz), 6.43 (1 H, d, J = 9.2 Hz), 7.23-7.34 
30 (1 H, m), 7.33-7.40 (2H, m), 7.40-7.52 (2H, m), 7.68 (1 H, d, J = 2.8Hz), 8.04 (1 H, s) 
MS m/e (ESI) 349 (MH*^). 

Example 34 5-[6-Amino-8-(3-methylphenyl)-9H-9-purinyl]-1 -methyl-1 ,2-dihydro-2-pyridlnone hydrochloride 
35 [0195] 



40 



45 




[0196] The title compound was synthesized in the same manner as in Example 1 (2), (3) and (4), and Examples 2 
50 and 5. 

1 H NMR (400 MHz, DMSO-dg) 5 ppm; 2.34 (3H, s), 3.45 (3H, s), 6.49 (1 H, d, J = 9.2 Hz), 7.32-7.40 (3H, m), 7.47 (1 H, 
dd, J - 9.2, 2.8 Hz), 7.61 (1H, s), 8.13 (1H, d, J » 2.8 Hz), 8.38 (1H, s) 
MS m/e (ESI) 333.01 (MH+). 
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Example 35 5-r6'Ami'no-8-(3-nitrophenvl)-9H-9-purinyl10-methyl0.2<iihvdro-2-pyridinon^ hydrochloride 



[0197] 




[0198] The title compound was synthesized in the same manner as in Example 1 (2), (3) and (4), and Examples 2 
and 5. 

1H NMR (400MHz, DMSO-dg) 6 ppm; 3.44 (3H, s), 6.51 (1H, d, J=9.6Hz), 7.55 (1H, dd, J = 9.6, 3.0Hz), 7.79 (1H, t, J 
= 8.0 Hz), 8.00-8.04 (1 H, m), 8.1 6 (1 H, d, J = 3.0 Hz), 8.34 (1 H, d, J = 2.4 Hz), 8.36 (1 H, s), 8.62 (1 H, t, J = 1 .6 Hz) 
MS m/e (ESI) 364.00 (MH+). 

Example 36 5-[6-Am[no-8-(3-aminophenyl)-9H-9-purinyO-1 -methyl-1 ,2-dihydro-2-pyridinone di hydrochloride 
[0199] 




[0200] The free amine (371 mg) obtained in Example 35 was dissolved in THF (200 ml) and EtOH (200 ml), and 1 0 
% Pd-C (hydrous, 0.5 g) was added thereto, and the mixture was stirred for 2 hours in a hydrogen atmosphere at room 
temperature. The reaction mixture was filtered with Celite, and the filtrate was evaporated, to give 300 mg of the title 
compound In free form. This free amine (1 00 mg) was dissolved in methanol (2 ml), then 4N HCI/EtOAc (0.2 ml) was 
added thereto, and the precipitated crystals were collected by filtration, to give 84 mg of the title compound. 
1H NMR(400MHz, DMSO-dg) 5 ppm; 3.47 (3H,s), 6.50 (1H,d,J=9.6Hz), 7.21 -7.27(1 H,m). 7.33-7.38(1 H,m), 7.42-7.53 
(2H,m), 7.46(1 H,dd,J=9.6,2.6Hz), 8.17(1 H,d,J=2.6Hz), 8.49(1 H,s) 
MS m/e (ESI) 334.02 (MH-^). 
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Example 37 N-F3-[6-Amino-9-(1-methvl-6-oxo-1,6-dihvdro-3-pyridinyl)-9H-8-purinyilphenyl1methanesul^^ 
hydrochloride 

[0201] 



10 



15 




[0202] The free amine (100 mg) obtained in Example 36 was dissolved In pyridine (2 ml), and methanesulfonyl 
chloride (28 ^1) was added thereto under ice-cooling and stirred atO °C overnight. The reaction solution was evaporated 
20 and purified by silica gel column chromatography, to give 90 mg of the title compound in free form. This free amine 
was dissolved in methanol (2 ml), then 4 N HCI/EtOAc (0.6 ml) was added thereto, and the precipitated crystals were 
collected by filtration, to give 55 mg of the title compound. 

1 H NMR (400 MHz, DMSO-dg) 5 ppm; 2.93 (3H, s), 3.46 (3H, s), 6.48 (1 H, d, J = 9.6 Hz), 7.28-7.32 (1 H, m), 7.42 (1 H, 
dd. J = 9.6, 3.0 Hz), 7.46-7.50 (2H, m). 7.59 (1H, s), 8.18 (1H, d. J=3.0Hz), 8.45 (1H, s), 10.04 (IN, s) 
25 MS m/e (ESI) 411.99 {MH+). 

Example 38 5-[6-Amino-8-(3-trifluoromethyiphenyl)-9H-9-purinyl]'1-methyl-1 ,2-dihydro-2-pyridinone hydrochloride 

[0203] 



35 



40 




o 



[0204] The title compound was synthesized in the same manner as in Example 1 (2), (3) and (4), and Examples 2 
45 and 5. 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 3.45 (3H, s), 6.53 (1H, d, J = 9.6 Hz), 7.54 (1H, dd, J = 9.6, 2.8 Hz), 7.75 (1H. 
t, J = 2.8 Hz), 7.88-7.93 (2H, m), 8.10 (1H, s), 8.17 (1H, d, J = 2.8 Hz), 8.43 (1 H. s) 
MS m/e (ESI) 387.00 (MH+). 
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Example 39 5-F6-Amino-8-(3-chlorophenyl)-9H-9-purinyl1 -l-methyl-l .2-dihvdro-2-pvridinone hydrochloride 
[0205] 





HCI 






T 




N 




c 






0 



CI 



Me 



[0206] The title compound was synthesized in the same manner as in Example 1 (2), (3) and (4), and Examples 2 
and 5. 

iH-NMR(400MHz,DMSO-d6) 5 ppm; 3.43(3H.s), 6.50(1 H.d.J«9.6Hz). 7.47-7,61 (4H,m). 7.77-7.79(1 H,m). 8.12(1H,d. 

J^2.8Hz), 8.34(1 H,s) 

MS m/e (ESI) 352.96 (MH+). 

Example 40 5-[6-Amino-8-(3-methoxyphenyl)-9H-9-purinyl]-1 -methyl-1 ,2-dihydro-2-pyridinone hydrochloride 
[0207] 



N^a HCI OMe 





Me 



[0208] The title compound was synthesized in the same manner as in Example 1 (2), (3) and (4), and Examples 2 
and 5. 

1H NMR (400 MHz. DMSO-dg) 6 ppm; 3.43 (3H, s), 3.73 (3H. s), 6,50 (1 H, d, J = 9.6 Hz), 7.06-7.11 (1 H. m). 7,20-7.25 
(2H, m), 7.38-7.43 (1H, m), 7.49 (1H, dd, J = 9.6. 2.8 Hz), 8.14 (1H. d. J = 2.8 Hz), 8.47 (1H, s) 
MS m/e (ESI) 349.02 (MH+). 
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Example 41 3-f6-Amino-9-(1 -methyl-6-oxo-1 .6-dihvdro-3-pvridinvl)-9H-8-purinvnbenzonitrile hydrochloride 



[0209] 

5 



10 




o 



[0210] The title compound was synthesized in the same manner as in Example 1 (2), (3) and (4), and Examples 2 
and 5. 

20 1H NMR (400 MHz, DMSO-dg) 5 ppm; 3.45 (3H, s), 6.51 (1H, d. J = 10.0 Hz), 7.50 (1H, dd, J = 10.0, 2.8 Hz), 7.7.2 
(1H, t, J = 8.0 Hz), 7.92-7.96 (1H. m), 7.99-8.03 (1H, m),8.12-8.15 (1H,m), 8.14 (1H, d, J = 2.8 Hz), 8.42 (1H, s) 
MS m/e (ESI) 343.99 (MH+). 

Example 42 2-(3-Fluorophenyl)-1-(6-methoxy-3-pyridyl)-1H-imidazo[4,5-c]pyridine-4-amine 

25 

[0211] 



30 



35 




OMe 



40 (1) 2,4-Dichloro-3-nitropyridine 

[0212] Phosphorus oxychloride (10 mL) was added to 2,4-dihydroxy-3-nltropyridine (2.5 g, 16 mmol) and stirred at 
110°C for 4 hours. The reaction solution was evaporated. Ethyl acetate and iced water were added to the residue, 
which were then filtered through Cellte. The organic layer was washed with brine, dried over anhydrous magnesium 
45 sulfate, filtered through silica gel and concentrated, to give the title compound (2.7g, 87%) as a brown solid. 

(2) N4- (6-Methoxy-3-pyridyl)-2-chloro-3-nitro-4-pyrldineamine 

[0213] A mixture of the compound (10.4 g, 54 mmol) obtained In (1), 5-amino-2-methoxypyrldine (9.6 g, 77 mmol), 
50 trimethylamlne (5.4 g, 54 mmol) and ethanol (40 mL) was stirred for 2 days at room temperature. The reaction solution 
was evaporated, and ethyl acetate and water were added to the residue. The organic layer was washed with brine, 
dried over anhydrous magnesium sulfate and concentrated. The product was purified by silica gel column chromatog- 
raphy, to give the title compound (6.3g, 42%). 

1H NMR (400 MHz, CDCI3) 5 ppm; 3.98 (3H, s), 6.63 (1H, d, J = 6.4 Hz), 6.85 (1H, d, J = 8,8 Hz), 7.46 (1H, dd. J = 
55 8.8, 2.8 Hz), 7.92-7.96 (IH, m), 7.99 (1H. dd, J = 6.4, 0.8 Hz), 8.10 (1H. d, J = 2.8 Hz). 
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(3) N4-(6-Methoxv-6-pvridyi)-2-chloro-3.4-pvridinediamine 

[0214] The compound (1 .0 g) obtained in (2) was suspended in water (1 0 mL) and ethanol (20 ml), and zinc powder 
(1 .0 g) and acetic acid (1 mL) were added thereto and stirred for 4 hours at room temperature. The reaction solution 
5 was filtered through Celite and evaporated. Ethyl acetate and a saturated aqueous sodium bicarbonate solution were 
added to the residue, which were then filtered. The organic layer was washed with brine, dried over anhydrous mag- 
nesium sulfate, filtered with silica gel and concentrated, to give the title compound (0.85 g, 95 %). ^l-l NMR (400MI-lz, 
CDCI3) 5 ppm; 3.95 (3H, s), 5.79 (1H, s). 6.59 (1H. d. J=5.6H2), 6.79 (1H, d. J=8.8Hz), 7.42 (1H, dd. J=8.8.2.8Hz). 
7.70 (1H. d, J=5.6Hz), 8.01 (1H, d, J«2.8Hz). 

10 

(4) N1-[2-Chloro-4-[(6-methoxy-3-pyridyl)amino]-3>pyridyl]-3-fluorobenzamide 

[0215] The compound (1 .0 g, 4.0 mmol) obtained In (3) was dissolved in pyridine (5 mL), and 3-fluorobenzoyl chloride 
(1 .0 g) was added thereto under ice-cooling, and the mixture was stirred for 5 hours at room temperature. The reaction 

IS solution was evaporated, and the residue was diluted with ethyl acetate and washed with water and brine. The product 
was dried over anhydrous magnesium sulfate and concentrated. The product was purified by silica gel column chro- 
matography, to give the title compound (1 .2 g, 81 %). 

1H NMR (400MHz, CDCI3) 5ppm; 3.95 (3H, s), 6.73 (1H. d, J=5.6H2), 6.79 (1H, d. J = 8.4 Hz), 6.97 (1H, s). 7.31-7.37 
(1H, m), 7.46 (IH, dd, J = 8.4. 2.8 Hz), 7.51 (1H, m). 7.69-7.79 (2H. m), 7.95 (1H, s). 7.96 (1H, d. J = 5.6 Hz), 8.07 
20 (IH, d, J = 2.8Hz). 

(5) 4-Chloro-2-(3-f(uorophenyl)-1 -(6-methoxy-3-pyridyl)-1 H-imidazo[4,5-c]pyridine 

[0216] A mixture of the compound (980 mg, 2.6 mmol) obtained in (4), acetonltriie (20 mL) and phosphorus oxychlo- 
25 ride (2 mL) was stirred at 80 °C for 3 hours. The reaction solution was evaporated, and the residue was diluted with 
ethyl acetate and washed with water and brine. The product was dried over anhydrous magnesium sulfate and con- 
centrated. The product was purified by silica gel column chromatography, to give the title compound (680 mg, 73 %). 
IH NMR (400 MHz, CDCI3) 6 ppm; 4.03 (3H, s), 6.91 (IH, dd, J=8.8,0,8Hz), 7.11 (IH, d, J=5.6 Hz), 7.11-7.17 (IH, m), 
7.33-7.40 (3H, m), 7.47 (IH, dd. J=8.8.2.8Hz), 8.17 (IH, dd, J=2.8,0.8 Hz). 8.23 (IH. d, J=5.6Hz). 

30 

(6) 2-(3-Fluorophenyl)-1 -(6-methoxy-3-pvridvl)-1 H-imldazof4.5-c]pvrldine-4-amlne 

[0217] A mixture of the compound (1 g) obtained in (5) and an ammonia-ethanol solution (20 mL) was stirred at 150 
for 4 days. The reaction solution was evaporated, and the residue was purified by silica gel column chromatography, 
35 to give the title compound (200 mg, 21 %). 

1H NMR (400 MHz. CDCI3) 5 ppm; 4.02 (3H. s), 5.30 (2H, br), 6.55 (1H, dd. J 5.8 Hz). 6.88 (IH, d, J = 8.8 Hz), 
7.07-7.13 (IH, m), 7.24-7.35 (3H. m), 7.46 (1H, dd, J = 8.8, 2.8 Hz). 7.88(1 H,d.J=5.8Hz). 8.15 (IH, d, J = 2.8 Hz) 
MS m/e (ESI) 336.00 (MH+). 

40 Example 43 5-[4-Amino-2-(3-fluorophenyi)-1 H-lmidazo[4.5-c]pyrldin-1 -yl]-1 ,2-dihydro-2-pyridinone 
[0218] 




O 



55 

[0219] A mixture of 2-(3-fluorophenyl)-1-(6-methoxy-3-pyridyl)-1H-imidazo[4,5-c]pyridine-4-amine (290 mL) ob- 
tained In Example 42 and cone, hydrochloric acid (10 mL) was stirred at 110 ®C for 7.5 hours. The reaction solution 
was evaporated, and the residue was purified by NH-form silica gei column chromatography, to give the title compound 
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(120mg. 43%). 

iH NMR (400 MHz. DMSO-dg) 8 ppm; 6.39 (2H, br), 6.45 (1H, d. J = 9.6 Hz), 6.49 (1H, d. J = 5.8 Hz), 7.28-7.34 (IH, 
m), 7.40-7.54 (4H, m), 7.72 (1H, d, J = 5.8 Hz), 7.77 {1H, d, J = 2.8 Hz) 
MS m/e (ESI) 321.94 (MH+). 

5 

Example 44 5-[4-Amino-2-(3-fiuorophenyl)-1 H-imidazo[4,5-clpyrldin-1 -yll-l -methyl-1 ,2-dihydro-2-pyrldinone 
[0220] 



75 




[0221] 5-[4-Amlno-2-(3-fluorophenyl)-1H-jmjdazo[4,5-c]pyrldin-1-yl]-1,2<llhydro-2-pyridlnone (100 mg) obtained in 
Example 43 was suspended in methanol (1 mL), and 28 % sodium methoxide-methanol solution (20 mL) and methyl 
iodide (20 mL) were added thereto and stirred for 1 day at room temperature. The reaction solution was evaporated, 
25 and the residue was purified by NH-form silica gel column chromatography, to give the title compound (27 mg, 26 %). 
iH NMR (400 MHz, DMSO-dg) 5 ppm; 3.45 (3H, s), 6.40 (2H. br), 6.49 (1H, d, J = 9.6 Hz), 6.56 (IH, d, J = 5.8 Hz). 
7.29-7.34 (IH, m), 7.44-7.53 (4H, m). 7.73 (1H, d, J = 5.8 Hz), 8.17(1H,d,J=2.8 Hz) 
MS m/e (ESI) 335.98 (MH+). 

30 Example 45 3-[6-Amino-8-(3-fluorophenyl)-9H-9-purinyl]-1 -methyl-1 ,2-dihydro-2-pyridinone hydrochloride 

[0222] 



40 



45 




[0223] The title compound was obtained in the same manner as in Examples 1 , 2 and 5. 

1H NMR (400 MHz. DMSO-dg) 5 ppm; 3.46 (3H, s), 6.45 (IH, t, J = 7.0 Hz), 7.30-7.53 (4H, m), 7.91 (IH, dd, J = 7.2, 
50 0-8 Hz), 7.97 (IH, dd, J =^ 7.2, 0.8 Hz), 8.33 (IH, s) 
MS nVe (ESI) 336.97 (MH+). 



55 
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Example 46 5-[6-Amino-8-(3-fluorophenvl)-9H-9-purinvl1-1-methyl-1.2-clihvdro-2-pvridinone 



[0224] 




2H2O 



(1) 1-Methvl-5-nitro-2 (1 H)-pyridone 



[0225] 




NO2 



Me 



[0226] 5-Nitro-2-hydroxypyridine (0.55 kg, 3.93 mol), DMSO (2.2 L) and K2CO3 (0.88 Kg, 6.37 mol) were introduced 
successively into a flask and stirred until foaming was terminated. Further, pTsOMe (0.88 kg, 4.71 mol) was added 
dropwise thereto in a warm bath at 37°C and stirred for 1 hour. 

[0227] After 1 1 L water was added dropwise thereto, the reaction solution was Ice-cooled, and the precipitated crys- 
tals were collected by filtration and dried in vacuo at 70^C, to give 51 6 g of the title compound (yield, 85 %) as a yellow 
powder. 

(2) 5-Amino-1 -methyl-2 (1H) -pyridone oxalate 



[0229] 1-Methyl-5-nitro-2(1H)-pyridone (250 g, 1.62 mol), 10 % Pd-C (25 g, 0.1 w/w-%) and EtOH (2.5 L) were in- 
troduced into an autoclave and suspended. Hydrogen was introduced to keep 10 kg/cm^, followed by leakage after 30 
minutes, and the catalyst was separated off through Celite, and the resulting cake was further washed with EtOH (1 .25 
L). 

[0230] A solution of oxalic acki (293 g, 3.2 mol) in EtOH (2.5 L) was added dropwise to the filtrate and stirred in an 
Ice-cokJ bath, and the resulting crystals were collected by filtration and washed with EtOH (1 L) . The crystals were air- 
dried at 60°C, to give 1 82.6 g of the title compound (yield 52.6 %). 

^H NMR (DMSO-dg) 6ppm 3.30(s,3H,N-IVIe), 6.25(d,1H,J=9.3Hz,H-3), 6.91 (d,1H,J=2.9Hz,H-6), 7.07(dd,1H,J=9.3Hz, 

2.9Hz, H-4) 

m.p.:224-226°C 



[0228] 




51 



EP 1 221 444 A1 

(3) 5-(5-Amino-6-chloropvrimidine-4-vl)amino-1-methyl-1,2-dihydro-2-pvridinone 
[0231] 




\ 



Me 



[0232] 11 8.6gof 5-amlno-4,6-dichloropyrimldine, 1 70.0g of 5-amino-1 -methy 1-2(1 H)-pyridone oxalate, 360 mL EtOH 
and 2.4 L purified water were introduced successively to a flask and heated for 1 7 hours at a bath temperature of 1 1 0°C. 
[0233] The reaction solution was cooled In an ice-cold bath, and 200 mL ammonia water was poured thereinto and 
stirred for 1 hour, and the crystals were collected by filtration, washed with 750 mL water and air-dried at 60^C, to give 
188.2 9 of the title compound as crude material 

[0234] Then, this crude material, 188 g, was suspended in 1 .9 L (10 vol.) water, and 100 mL ammonia water was 
added thereto and stirred. After 2 hours, the crystals were collected by filtration, washed with 1 L water and air-dried 
at 60°C for 18 hours, to give 153.8 g of the title compound. 

1 H NMR (DMSO-dg) 5ppm; 3,42 (s, 3H, NMe-V), 5.27 (brs, 2H, NH2-5), 6.40 (d,1 H,J=9.7Hz,H-3'). 7.49 (dd,1 H,J=9.7Hz, 
2.4Hz,H-4'), 7.77 (s. 1H, H-2), 7.98 (d, 1H. J= 2.4 Hz, H-6'), 8.35(s.1H,NH-4) m.p.: 268^0 (decomp.) 

(4) 5-[6-Chloro-5-(3-fluorobenzoyl)aminopyrimidln-4-yllamlno-1,2-dlhydro-2-pyridlnone 



[0236] 148.9 g 5-(5-amlno-6-chloropyrlmldlne-4-yl)amlno-1-methyl-1,2-dihydro-2-pyridinone and 1490 mL (10 vol.) 
pyridine were Introduced Into a flask and ice-cooled, and 98.1 mL (1.38 eq.) of 3-fluorobenzoyl chloride was added 
dropwise thereto. 

[0237] After 1 hour, 1 490 mL (1 0 vol) was poured Into the reaction solution, evaporated, and 500 mL DME and 1 490 
mL water (10 vol) were poured successively into the residue and stirred at room temperature. The resulting crystals 
were collected by filtration, washed with 1 600 mL DM E/H20=1 /5 and air-dried at 70*C for 24 hours, to give 1 96.4g of 
5-[6-chloro-5-(3-fluorobenzoyl)amlnopyrimldln-4-yl]amlno-1,2-dihydro-2-pyridlnone. 

1H NMR (DMSO-dg) 5 ppm; 3.41 (s, 3H, NMe-V). 6.38 (d, 1H, J= 9.71 Hz, H-3*), 7.45-7.50 (m, 2H), 7.60 (dd, 1H. 



[0235] 




NH 
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J=14.0Hz, 7.0 Hz. H-5"), 7.78-7.90 (m, 3H). 8.30 (s, 1H. H-2), 9.09 (brs, 1H, NH-4), 10.08 (brs, 1H. NH-5) 
m.p.: 173°C (decomp.) 

(4-2) 5-[6-Chloro-5-(3-fluorobenzoyl)aminopyridlne-4-yl]amino-1 .2-dihydro-2-pyridinone hydrochloride 

5 

[0238] Acetonitrile (50 mL) was added to 5-[6-chloro-5-(3-fluorobenzoyl)aminopyrimidin-4-yl]amjno-1,2-dihydro- 
2-pyridinone (2.0 g) and heated in an oii bath at 85 °C, and the Insoiuble matters were subjected to hot-fiitration. The 
filtrate was diluted with acetonitrile (110 mL) and heated again to form a solution, and 4N HCI (1 .30 mL, 0.97 eq.) was 
added thereto. Further, additional acetonitrile (20 mL) was added thereto and the crystals were collected by filtration, 
10 washed with acetonitrile (20 mL) and air-dried at 60*^C, to give a pale bluish white powder (1 .59 g, yield 72.5 %). 

1H NI\^R (DMSO-dg) 5ppm3.43(s,3H,NMe-r), 6.43(d,1H,J=9.5Hz,H-3'), 7.40-7.53(m,2H). 7.60(dd,1 H,J=1 4.0Hz, 8.0 
Hz, H-5''), 7.77-7.93 (m, 3H), 8.31 (s, 1H, H-2), 9.16 (s, 1H. NH-4), 10.17 (s, 1H, NH-5) 
m.p.: 193-195*»C (decomp.) 

15 (5) 5-[6-Chloro-8-(3-fluorophenyi)-9H-9-purinyl]-1 -methyl-l ,2-dihydro-2-pyridinone 

[0239] 




[0240] 186.0 g 5-[6-chloro-5-(3-fluorobenzoyl)aminopyrldin-4-yl]amino-1,2-dihydro-2-pyridinone, 1.9 L CH3CN, 
1 86.0 mL POCI3 (2.0 mol, 1 vol=4 eq.) were Introduced Into a flask and heated under reflux for about 6 hours in an oil 
bath (bath temperature, 120°C). 

[0241 ] The reaction solution was concentrated, and 372 mL CH3CN was added to and dissolved in it, and the solution 
35 was further evaporated. After it was concentrated, it was diluted with 1.9 L AcOEt, then 900 mL of 30 % aqueous 
K2CO3 solution was poured into it, and the mixture was partitioned by adding 1 L water and 1 .9 L AcOEt. The organic 
layer was washed with 1 .9 L water and evpoarated, to give 161 .5 g (wet) 5-[6-chloro-8-(3-fluorophenyl)-9H-9-purinyl]- 
1-methyl-1,2-dihydro-2-pyrldlnone as a grayish green powder. 

1H NMR(DMSO-d6) 6 ppm 3.44(s,3H,NMe-r), 6.52(d,1H,J=9.7Hz,H-3'), 7.38-7.47 (m, 1H), 7.50-7.62 (m, 5H), 8.18 
40 (d, 1 H. J= 2.8 Hz. H-6'), 8.80 (d, 1 H, J= 1 .1 Hz, H-2) 
m.p.:219°C 

(5-2) 5'f6-Chloro-8-(3-fluorophenyl)-9H-9-purinyl]'1 -methyl-1 .2-dihydro-2-pyridinone 

45 [0242] 5-[6-Chloro-5-(3-fluorobenzoyl)aminopyrlmldin-4-yl]amlno-1 ,2-dihydro-2-pyridinone hydrochloride (5 g) and 
NMP (25 mL) were introduced into a flask and stirred at 110 °C for 4 hours. The reaction solution was extracted with 
ethyl acetate (100 mL) and 10 % aqueous sodium bicarbonate solution (50 mL). After liquid partition, the organic layer 
was washed with brine (50 mL), and the organic layer in an amount of 1/5 of the original layer was used in the following 

crystallization. 

50 [0243] After this organic layer was concentrated, DME (10 mL) was added to the concentrate which was then dis- 
solved at 55 °C under stirring and crystallized by adding water (20 mL). The crystals were collected by filtration and 
dried at 50 **C for 16 hours, to give 0.64 g 5-[6-chloro-8-(3-fluorophenyl)-9H-9-purinyl]-1-methyI-1 ,2-dihydro-2-pyridi- 
none as a slight brownish white compound (yield 73.8 %). 
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(5-3) 5-r6-Chloro-8-(3-fluorophenvl)-9H-9-purinvl1-1 -methyl-1 .2-clihvdro-2-pvridinone 
•HCI-EtOAc method 

5 [0244] 5-[6-Chloro-5-(3-fluorobenzoyl)aminopyrimidin-4-yl]amino-1 ,2-dihydro-2-pyridinone (1 g, 2.7 mmol) was dis- 
solved in NIVIP (10 mL), and 4N HCI/EtOAc (0.8 mL, 3.2 mmol) was added thereto and stirred under heating at 110 °C 
for 14 hours. By analyzing the reaction solution In HPLC, it was confirmed that5-[6-chloro-8-(3-fluorophenyl)-gH-9-pu- 
rinyl]-1 -methyl-l ,2-dihydro-2-pyrldlnone (90.2 %) was formed. 

10 (5-4) 5-[6-Chloro-8-(3-fluorophenyl)-9H-9-purinyl1-1 -methyM ,2-dihydro-2-pyridinone 

*Non -catalytic method 

[0245] 5-[6-Chloro-5-(3-fluorobenzoyl)aminopyrlmidin-4-yl]amlno-1,2-dihydro-2-pyridlnone (1g, 2.7mmol) was dls- 
15 solved In NMP (2mL) and stirred under heating at 140°C for 10 hours. By analyzing the reaction solution in HPLC, it 
was confirmed that 5-[6-chloro-8-(3-fluorophenyl)-9H-9-purinyl]-1-methyl-1 ,2-dihydro-2-pyridinone (91.3%) was 
formed. 

(5-4) 5-[6-Chloro-8-(3-fluorophenyl)-9H-9-purinyl]-1 methyl-1 ,2-dihydro-2-pyridinone 

20 

(One-pot reaction: 5-(5-amino-6-chloropyrimidin-4-yl)amino-1 -methyl-1 ,2-dihydro-2-pyridinone^5-[6-chloro- 
5-(3-fluorobenzoyl)aminopyrimidln-4-yl]amino-1,2<lihydro-2-pyridinone-^5-[6-chloro-8-(3-fluorophenyl)-9H- 
9-purlnyl]-1 -methyl-1 ,2-dihydro-2-pyridinone) 

25 [0246] 5-(5-Amlno-6-chloropyrlmldin-4-yl)amlno-1 -methyl-1 ,2-dlhydro-2-pyrldlnone (1 g) and NMP (10 mL) were In- 
troduced into a flask and stirred at 40 ''C. 3-FluorobenzoyI chloride (0.53 mL, 1.1 eq.) was added dropwise to this 
suspension, and after additional NMP (3.2 mL) was added thereto and stirred for about 1 .5 hours, the reaction solution 
was elevated to 110 and stirred for 3 hours. Ethyl acetate (33 mL) and 10 % aqueous sodium bicarbonate solution 
(1 6.5 mL) were added to the reaction solution, and the organic layer was washed with brine (1 6.5 mL) and concentrated. 

30 The concentrate was dissolved by adding DME (1 6.5 mL) and stirring it at 55°C, and then crystallized by adding water 
(33 mL). The crystals were collected by filtration and dried at 50 for 4 hours, to give 0.94 g of 5-[6-chloro-8- (3-fluor- 
ophenyl)-9H-9-purlnyl]-1 -methyl-1 ,2-dihydro-2-pyridinone (two-steps, yield 66,7 %). 

(6) 5-[6-Amino-8-(3-fluorophenyl)-9H-9-purinyl]-1 -methyl-1 ,2-dihydro-2-pyridinone 

35 

[0247] 



45 




[0248] 160.0 g crude crystals (wet) of 5-[6-chloro-8-(3-fluorophenyl)-9l-l-9-purlnyl]-1 -methyl-1 ,2-dihydro-2-pyridi- 
none (content 96.0 %; net weight, 1 55 g), 2600 mL DME and 1 300 mL cone, ammonia water (28-30 %) were introduced 
into an autoclave and heated at an external temperature of 75°C. After 1 .5 hours, the external temperature was elevated 
55 to 90°C, and the mixture was stirred for 8.5 hours in total after heating was initiated. 

[0249] 6.5 L delonized water was added to the reaction solution which was then Ice-cooled, and the precipitated 
crystals were collected by filtration, washed with 500 mL water and dried, to give 135.0 g of the title compound. 
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(7) 5-f6-Amino-8-(3-fluorophenyl)-9H'9-purinyl1-1 -methyl-l ,2-dihvdro-2-pvridinone 2H9Q 



[0250] 




[0251] 130 g crude crystals of 5-[6-amino-8-(3-fluorophenyl)-9H-9-purinyl]-1-methyl-1 ,2-dihydro-2-pyridinone, 1.3 L 
methanol-modified ethanol (mixture of EtOH/MeOH in a ratio of 2000 mL/50 g) and 1 .3 L water were introduced into 
a flask and heated in a water bath at 90°C. 

[0252] After the heater was turned off, the mixture was stirred at a decreasing temperature, and the precipitated 
crystals were collected by filtration and washed with 200 mL methanol-modified ethanol. The product was dried under 
reduced pressure, to give 119,1 g of the title compound. 

1H NMR (DMSO-dg) 5 ppm; 3.43 (s, 3H, NMe-V), 6.46 (d, 1H, J=9.7Hz, H-3'), 7.26-7.36 (m. 1H), 7.36-7.60 (m, 6H). 
8.09 (d, 1H, J=2.8Hz, H-6'), 8.14 (s, 1H, H-2) 
m.p.: 244^0 (decomp.) 



Example 47 6-Chloro-9-(2-chlorO'4-pyridyl)-8-(3-fluorophenyl)-9H'Purine 



[0253] 




(1) N-(6-ChlorO'5-nltro-4-pyrlmidinyl)-N-(2-chioro-4-pyrldyl)amlne 



[0254] 




[0255] 4-Amino-2-chloropyridine (8.0 g, 62.2 mmol) and triethylamine (8.7 mL) were added successively to a sus- 
pension of 5-nitro-4,6-dichloropyrimidine (8.0 g, 41 .2 mmol) in tetrahydrofuran (1 60 mL), and the mixture was heated 
under reflux for 4 hours. After cooling as it was, the reaction solution was diluted with ethyl acetate (1 60 ml) and washed 
with 160 ml water and brine, and the organic layer was dried over anhydrous magnesium sulfate. The solvent was 
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evaporated, and the residue were suspended in diethyl ether, and the resulting solid was collected by filtration and air- 
dried, to give the title compound (2.2 g, 19 %). 

1 H NMR (400 MHz, CDCI3) 5 ppm; 7.39 (1 H, dd, J = 1 .9. 5.5 Hz), 7.79 (1 H, d, J = 2.0 Hz), 8.31 (1 H. d, J = 5.6), 8.62 
(1H. s), 9.14 (1H, bs) 

5 

(2) N4-(2-Chloro-4-pyridyl)-6-chloro-4,5-pyrimidine diamine 
[0256] 

10 



CI 




20 [0257] N-(6-Chloro-5-nltro-4-pyrlmidinyl)-N-(2-chloro-4-pyrldyl)amlne (2.2 g, 7.6 mmol) was suspended in 44 ml eth- 
anol and 4.4 ml acetic acid, and 2.2 g zinc powder was added little by little thereto at 0 °C. The reaction solution was 
returned to room temperature and stirred for 1 hour, and then the Insoluble matters were filtered off. The filtrate was 
concentrated and suspended in water, and the resulting solid was collected by filtration and air-dried, to give 2.5 g of 
the title compound in crude form. 

25 1H NMR (400 MHz. CDCI3) 5 ppm; 7.52 (1H, dd, J = 2.0, 5.9), 7.84 (1H, J = 2.0), 8.12 (1H, J « 5.5), 8.13 (1H. s) 

(3) N1-{4-Chloro-6-[(2-chloro-4-pyridyl)amino]-5-pyrimidinyll-3-fiuorobenzamide 
[0258] 

30 



35 



40 




[0259] 3-Fluorobenzoyl chloride (1 .3 mL, 10.7 mmol) was added dropwise to a suspension of N4-(2-chloro-4-pyrldyl)- 
6-chloro-4,5-pyrimidine diamine (2.5 g, 9.8 mmol) In pyridine (50 mL) over 5 minutes In a nitrogen atmosphere at 0 to 

45 5 ^c, and the mixture was stirred as such for 1 2 hours. The reaction solution was diluted with water and ethyl acetate 
(100 mL) . The organic layer was washed with IN hydrochloric acid (xi). After the IN hydrochloric acid layer was 
extracted with ethyl acetate (X2), the combined organic layers were washed with a saturated aqueous sodium bicar- 
bonate solution (XI), dried over anhydrous sodium sulfate and concentrated. The residue was suspended In diethyl 
ether, and the solid was collected by filtration and washed with diethyl ether, to give the title compound (2.3 g, 62 %) 

50 as a colorless solid. 

iH NMR (400MHz, CDCI3) 5 ppm; 7.38-7.42 (2H, m), 7.56-7.62 (1H,m), 7.70-7.78(3H,m), 7.99(1 H,bs). 8.27(1 H.d, 
J=5.7), 8.60(1 H.s) 

[0260] Then, a suspension of N1-{4-chloro-6-[(2-chloro-4-pyridyl)amino]-5-pyrimldinyl}-3-fluorobenzamide (2.3 g, 
6.1 mmol) In phosphorus oxychloride (75 mL) was heated under reflux for 1.5 hours in a nitrogen atmosphere. After 
55 cooling as it was, the reaction solution was evaporated. The residue was diluted with ethyl acetate (100 ml), washed 
with water (x3), a saturated aqueous sodium bicarbonate solution (x2) and brine (xl), dried over sodium sulfate 
anhydride and concentrated. The residue was suspended in diethyl ether, and the solid was collected by filtration and 
washed with diethyl ether, to give the title compound (1 .0 g, 46 %) as a colorless solid. 
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1H NMR (400 MHz, CDCI3) 5ppm; 7.21 (1H, d, J = 1.8. 5.3 Hz). 7.24-7.30 (2H. m), 7.39-7.48 (3H. m). 8.56 (1H, d, J 
= 5.3 Hz), 8.79 (1H. s). 

Example 48 9-(2-ChlorO'4-pyridyl)-8-(3'fluorophenvl)-9H-6-purineamine 
[0261] 



10 



15 



NH2 



[0262] A suspension of 6-chloro-9-(2-chloro-4-pyridyl)-8-(3-fluorophenyl)-9H-purine (325 mg, 0.9 mmol) in Example 
47 in 1,2-dimethoxyethane (10 mL)/conc. ammonia water (5 mL) was stirred for 11 fiours in an autoclave at 80 ^'C. 

20 After cooling as it was, the reaction solution was diluted with a saturated aqueous ammonium chloride solution and 
ethyl acetate. The organic layer was washed with a saturated aqueous ammonium chloride solution (x1), dried over 
anhydrous sodium sulfate and concentrated. The residue was suspended in diethyl ether, and the solid was collected 
by filtration and washed with diethyl ether, to give the title compound (229 mg, 75 %) as a colorless solid. 
^H NMR (400 MHz, CDCI3) 5 ppm; 5.75. (2H, br), 7.16-7.24 (2H. m). 7.31-7.41 (2H, m).7.44 (1H. d, J = 1.8Hz), 8.41 

25 (1H, s), 8.51 (1H, d, J = 5.3 Hz). 8.14 (1H, s), 8.23 (1H. d, J 2.8 Hz). 

Example 49 8-(3-Fluorophenyl)-9-{2-[(4-methoxybenzyl)oxy]-4-pyridyl}-9H-6-purineamine 
[0263] 

30 

NH 



i>in2 



v 

F 



40 



^^N ^ — ^— OMe 



[0264] 200 mg metal sodium was dissolved In 4-methoxybenzyl alcohol at 80 °C, and9-(2-chloro-4-pyridyl)-8-(3-fluor- 
ophenyl)-9H-6-purineamine (596 mg, 1 .75 mmol) in Example 48 was added thereto and stirred for 1 hour. After cooling 
<^ as It was, the reaction solution was diluted with water and extracted with ethyl acetate. The organic layer was dried 
over anhydrous magnesium sulfate and evaporated. The residue was suspended in a mixture of ethyl acetate and 
hexane, and the formed solid was collected by filtration and washed with diethyl ether, to give the title compound (690 
mg, 89 %) as a colorless solid, 

^H NMR (400 MHz, CDCI3) 6 ppm; 3.80 (3H. s), 5.34 (2H, s), 6.13 (2H, bs), 6.80-6.88 (2H, m), 6.90 (2H. d. J = 8.1 
50 Hz), 7.10-7.16 (1H, m), 7.23-7.35 (2H, m), 7.37 (2H, d, J = 8.2 Hz), 8.28 (1H, d. J = 5.3 Hz), 8.36 (1H. s). 
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Example 50 4-f6-Amino-8-(3-fluorophenyl)-9H-9-purinvlM.2-dlhydro-2-pyridinone 
[0265] 



NH2 



10 




15 [0266] 8-(3-Fluorophenyl)-9-{2-((4-methoxybenzyl)oxy]-4-pyridyl}-9H-6-purineamine (690 mg, 1.56 mmol) In Exam- 
ple 49 was dissolved in 3.5 ml trifluoroacetic acid and reacted at room temperature for 30 minutes. The reaction solution 
was diluted with water and the resulting precepitates were collected by filtration, washed with water and dried, to give 
the title compound (510 mg, 75 %) as trifluoroacetate. 

iH NMR (400 MHz, CDCI3) 5 ppm; 6.15 (1H. d, J 5.1 Hz), 6.43 (1H. d, J« 1.8 Hz), 7.32-7.54 (6H. m), 8.22 (1H, s). 

20 

Example 51 4-[6-Amino-8-(3-fluorophenyl)-9H-9-purinyl]-1-methyl-1,2-dihydro-2-pyridinone 
[0267] 



NH2 



30 




CH3 



[0268] 4-[6-Amino-8-(3-fluorophenyl)-9H-9-purinyl]-1 ,2-dihydro-2-pyridinone (50 mg , 0. 1 6 mmol) In Example 50 was 
dissolved in 1 ml N,N-dimethylformamide, and 64 mg anhydrous potassium carbonate and 15 ^1 methyl iodide were 
added thereto and reacted at 60 °C for 2 hours. The reaction solution was cooled, then the insoluble matters were 
40 filtered off, and the filtrate was concentrated to dryness. The residue was purified by a silica gel column (eluted with 
ethyl acetate) and concentrated, to give the title compound (30 mg, 55 %). 

1H NMR (400 MHz, CDCI3) 5 ppm; 3.53 (3H,s). 5.89 (2H, bs), 6.20 (1H, dd, J= 2.2, 7.1 Hz), 6.46 (1H, d, J = 2.3 Hz), 
7.38 (1 H, d, J= 7.1 Hz), 8.32 (1 H, s). 
MS m/e (FAB) 337 (MH+). 



50 
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Example 62 8-(3-Fluorophenyl)-9-(4-pyridyl)-9H-6-purineamine 



[0269] 



5 




NH2 



10 



IS 



[0270] 9-(2-Ch!oro-4-pyridyl)-8-{3-fluorophenyl)-9H-6-purlneamine (50 mg, 0.15 mmol) in Example 48 was dissolved 
in 5 ml methanol and 5 ml tetrahydrofuran, and 8.2 mg potassium hydroxide and 50 mg of 1 0 % palladium carbon were 
added thereto. The mixture was stirred for 1 hour In a hydrogen atmosphere at room temperature. The reaction mixture 
was diluted with ethyl acetate, the catalyst was filtered off, and the filtrate was evaporated. The residue was suspended 
20 in water, and the resulting precipitates were collected by filtration, to give the title compound (35 mg, 77 %). 

1H NMR (400 MHz, CDCI3) 5ppm; 5.82 (2H, br), 7.08-7.14 (2H, m) , 7.22-7.32 (4H. m). 8.33 (1H. s), 8.71 (2H, d, J = 
6.0 Hz). 

MS nfi/e (FAB) 306 (MH+). 
25 Example 53 5-[8-3(Fluorophenyl)-9H-9-purjnyl]-1-methyl-1 ,2-dihydro-2-pyridlnone 



[0272] 5-[6-Amino-8-(3-fluorophenyl)-9H-9-purinyl]-1-methyl-1,2-dihydro-2-pyridinone (1.0 g, 3.0 mmol) in Example 
<o 46 was dissolved in 20 ml tetrahydrofuran, and 1 .2 ml Isoamyl nitrite was added thereto and heated for 2 hour under 
reflux. The reaction solution was cooled and evaporated, and the residue was purified by a silica gel column. The 
desired product was eluted with ethyl acetate and then the solvent was removed, to give the title compound (340 mg, 
35 %). 

^H NMR (400MHz, CDCI3) 5 ppm 3.62 (3H, s), 6.68 (1H, d, J = 9.7), 7.21 (1H, dd, J = 2.9. 9.7), 7.23-7.27 (1H, m), 
45 7.41-7.49 (2H,m), 7.53-7.57(1 H. m). 7.58 (IN, d, Jo2.8), 9.00 (1H,s), 9.23 (1H, s). 
MS m/e (ESI) 322 (MH^). 



[0271] 



30 




35 



SO 
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Example 54 N-r9-(6-Chloro-3-pvridazlnvl)-8-(3-fluorophenvl)-9H-9-purlnvll-N.N-cllmethvlamine 
[0273] 

F 

\ 

CI 

(1) 2'[(6-Chtoro-5-nitro-4-pyrimidinyl)aminolethyl cyanide 
[0274] 



CI 




H 



[0275] A mixture of 2-cyanoethylamine (15.9 g, 62.2 mmol), acetic acid (13 mL) and 30 ml methanol at 0 °G was 
added at room temperature to a suspension of 5-nitro-4,6<lichloropyrimidine (20.0 g, 0.10 mol) in tetrahydrofuran (400 
mL), and the mixture was stirred at room temperature for 1 hour. The reaction solution was diluted with water and ethyl 
acetate (400 ml) and washed with 400 ml water and brine, and the organic layer was dried over anhydrous magnesium 
sulfate. The solvent was evaporated, then the residue was suspended in diethyl ether, and the resulting solid was 
collected by filtration and air-dried, to give the title compound (18.7 g, 79 %). 

1H NMR (400 MHz, CDCI3) 5 ppm; 2.80 (2H, t, J « 6.6 Hz), 3.94 (2H. q. J ° 6.6 Hz), 7.81 (1H, bs), 8.46 (1H, s) 

(2) 2-[(5-Amino-6-chloro-4-pyrimidinyl)amino]ethyl cyanide 

[0276] 

CI 

N N 
H 

[0277] 2-[(6-Chloro-5-nitro-4-pyrimidlnyl)amino]ethyl cyanide (18.7 g, 82.2 mmol) was dissolved in 180 ml ethanol, 
180 ml water and 18 ml acetic acid, and zinc powder was added slowly thereto at 0 °C. The reaction solution was 
returned to room temperature and stirred for 30 minutes. Then, the insoluble matters were filtered off, and the filtrate 
was evaporated. The residue was diluted with ethyl acetate and washed with water and brine, and the organic layer 
was dried over anhydrous magnesium sulfate and concentrated. The residue was suspended in diethyl ether, and the 
precipitated solid was collected by filtration to give the title compound which was then washed with diethyl ether to give 
the title compound (44.6 g, 51 %). 

1H NMR (400 MHz, GDCI3) 5 ppm; 2.80 (2H, t, J = 6.2 Hz), 3.80 (2H. q. J = 6.2 Hz), 5.30 (1H, bs), 8.10 (1H, s) 
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(3) N1-{4-ChlorO'6-f(2-cvanoethvl)amino]-5'Pvrimidinvl)-3-fluoroben2amide 



[0278] 




[0279] 2-[(5-Amlno-6-chloro-4-pyrimldinyl)amino]ethyl cyanide (10.0 g, 45.2 mmol) was dissolved in 63 ml pyridine, 
then 4.3 ml 3-fluorobenzoyl chloride was added thereto at 0 °C, and the reaction solution was stirred at room temper- 
ature for 12 hours. The reaction solution was diluted with ethyl acetate and washed with water and brine, and the 
organic layer was dried over anhydrous magnesium sulfate. After the solvent was removed, the residue was suspended 
In diethyl ether, and the precipitated solid was collected by filtration and washed with diethyl ether, to give 8.9 g of the 
title compound (yield 87 %). 

1H NIVIR (400 MHz, CDCI3) 5 ppm; 2.73 (2H, t, J = 6.6 Hz), 3.80 (2H, q, J = 6.4 Hz). 6.28 (1H, bs), 7.30-7.54 (1H. m), 
7.47-7.53 (1H, m), 7.62-7.70 (2H, m), 7.80 (1H, d, bs), 8.37 (1H, s). 

(4) 2-[6-Chloro-8-(3-fluorophenyl)-9H-9-purinyl]ethyl cyanide 

[0280] 




[0281] A suspension of N1-{4-chloro-6-[(2-cyanoethyl)amino]-5-pyrlmidyl}-3-fluorobenzamide (8.9 g, 27.9 mmol) in 
phosphorus oxychloride (140 mL) was heated under reflux for 1 .5 hours in a nitrogen atmosphere. After cooling as it 
was, the reaction solution was evaporated. The residue was diluted with ethyl acetate (100 ml), washed with water 
(x3), a saturated aqueous sodium bicarbonate solution (x2) and brine (x 1 ), dried over anhydrous sodium sulfate and 
concentrated. The residue was suspended in diethyl ether, and the solid was collected by filtratbn and washed with 
diethyl ether, to give the title compound (4.1 g, 49 %) as a colorless solid. 

1H NMR (400 MHz, CDCI3) 5 ppm; 3.04 (2H, t, J = 6.8 Hz), 4.59 (2H, t, J = 6.8 Hz). 7.26-7.32 (1H, m) 7.45-7.57 (3h. 
m), 8.72 (1H. s). 
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(5) 2-[6-(Dimethylamino)-8'(3-fluorophenvl)-9H-9-purinvnethyl cyanide 



[0282] 



5 



10 




CN 



^5 [0283] 40 % aqueous dim ethyl amine solution at 0 °C was added at room temperature to a solution of 2-[6-chloro- 
8-(3-fluorophenyl)-9H-9-purlnyl]ethyl cyanide (1 .5 g, 4.9 mmol) in tetrahydrofuran (30 mL) and stirred at room temper- 
ature for 1 hour. The reaction solution was diluted with water and ethyl acetate and washed with water and brine, and 
the organic layer was dried over anhydrous magnesium sulfate. After evaporation, the residue was suspended in diethyl 
ether, and the precipitated solid was collected by filtration and washed with ether, to give the title compound (740 mg, 

20 48 %). 

1H NMR (400 MHz, DMSO-dg) 5 ppm; 3.07 (2H, t, J = 6.6 Hz), 3.32 (6H, s). 4.50 (2H, t, J = 6.6 Hz), 7.40-7.46 (1H, 
m), 7.60-7.66 (3H, m), 8.28 (1H, s). 

(6) N-[8-(3-Fluorophenyl)-9H-6-purinyn-N.N-dimethylamine 

25 

[0284] 



35 

[0285] Sodium hydride, 14.1 mg (60% in mineral oil) at 0°C was added to a solution of 2-[6-(dlmethylamino)-8-(3-fluor- 
ophenyl)-9H-9-purlnyl]ethyl cyanide (100 mg, 0.32 mmol) in N,N-dimethylformamide and stirred at room temperature 
for 1 hour. 5 ml saturated aqueous ammonium chloride solution was added to the reaction solution which was then 
diluted with ethyl acetate and washed with water and brine, and the organic layer was dried over anhydrous magnesium 
^0 sulfate. The solvent was evaporated, and diethyl ether was added to the residue, and the precipitated solid was collected 
by filtration, to give the title compound (80 mg, 96 %). 

1 H NMR (400 MHz, DMSO-dg) 5ppm; 3.30 (6H, s), 7.28-7.36 (1 H,m), 7.54-7.60 (1 H, m), 7.88-8.00 (2H, m), 8.20 (1 H, s). 

[0286] Then, N-[8-(3-fluorophenyl)-9H-6-puriny!]-N,N-dimethyiamine (309 mg, 1 .20 mmol) was dissolved in 15 ml N, 

N-dimethylformamide, and 2 g potassium carbonate and 1.1 g 3,6-dichloropyridazine were added thereto and stirred 
45 at 80 ''C for 2 hours. The reaction solution was copied and diluted with 1 00 ml ethyl acetate, and the insoluble matters 

were filtered off. The filtrate was concentrated to dryness, and the residue was purified by a silica gel column. The 

product was eluted with ethyl acetate and evaporated, to give the desired title compound (80 mg, 18 %). 

1H NMR (400MHz, CDCI3) 5 ppm 3.50 (3H, s), 4.11 (3H, s), 7.01-7.08 (1H, m). 7.36-7.42 (1H, m). 7,83 (1H, d. J = 9.2 

Hz), 8.00-8.04(1 H,m), 8.08-8.12(1 H,m), 9.21 (1H,s), 9.36(1 H,d,J=9.3Hz). 
50 MS m/e (ESI) 370 (MH+). 



55 



30 
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Example 55 N-f8-(3-Fluorophenvl)-9-(6-niethoxv-3- pvridazinyl)-9H-6-purinvll-N.N-dimethvlamine 
[0287] 



< N 



""oCHa 

[0288] N-[9-(6-Chloro-3-pyridazinyl)-8-(3-fluorophenyl)-9H-purinyl] -N,N-dimethylamine (50mg, 0.18 mmol) in Ex- 
ample 54 was dissolved in 5 ml anhydrous methanol, and sodium methoxide (15 mg, 0.28 mmol) was added thereto 
and heated under reflux for 2 hours. The reaction solution was cooled, evaporated and suspended In water, and the 
precipitated solid were separated by filtration, to give the title compound (35 mg, 52 %) as a colorless solid. 
1H NMR (400l\/IHz, CDCl^) 5 ppm 3.40 (3H, s). 4.04 (3H. s), 4.15 (3H, s), 6.92-6.98 (1H, m), 7.23 (1H, d, J = 9.5 Hz), 
7.28-7.34 (1H, m), 7.93-7.97 (1H, m), 8.0-8.06 (1H, m), 8.91 (1H, d, J = 9.5 Hz). 8.93 (1H,s). 

Example 56 5-[6-Amino-8-(3-fluorophenyl)-2-(3-hydroxv-3-methyl-1-butynyi)-9H-9-purinyl]-1-methyl-1,2-dlhydro- 
2-pyrldinone 

[0289] 



NH2 HCl 




NCH3 



[0290] The compound obtained In Example 19 was treated In the same manner as In Example 21, to give the title 
compound. 

^H NMR (400MHz, CDCia) 5 ppm 1 .63 (6H. s), 3.60 (3H,s), 6.20-6.40 (2H, br), 6.62 (2H, dd, J = 1.6, 9.3 Hz), 7.10-7.20 
(2H, m), 7.30-7.44 (3H, m). 7.57 (1H, bs). 
MSm/e(FAB) 419(MH+). 
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Example 57 5-{6-Amino-8-(3-fluorophenvl)-2-f2-(1-hvdroxycyclobutvl)-1>ethvnyl]-9H-9-purinyl}0-methvl-1,^ 
2-pyridinone hydrochloride 

[0291] 



NHs HCl 




O 



[0292] The title compound was obtained by treatment in the same manner as in Example 21 . 
1H NMR (400MHz. CDCI3) 5 ppm; 1.75-1.83 (2H. m), 2.21-2.30 (2H,m), 2.50-2.60(2H,m), 3.54(3H,s). 6.10(2H,bs), 
6.56(2H,d,J=9.7Hz), 7.07 (1H,dd, J«2.9,9.7Hz). 7.08-7.14 (IH, m) , 7.26-7.38(3H,m), 7.50 (1H, d. J ^ 2.4Hz). 
MS m/e (FAB) 431 (MH+). 

Example 68 9-(6-Methoxy-3-pyrldyl)-8-(2-pyridyl)-9H-6-purineamine 
[0293] 




OMe 



(1) N4-(6-Methoxy-3-pyrldyl)-6-chloro-4,5-pyrimidine diamine 
[0294] 



CI 




[0295] 40 mL cone, aqueous hydrochloric acid was added dropwise to 40 g of 5-amino-4,6-dlchloropyrlmidine and 
60.5 g of 5-amlno-2-methoxypyridlne in 800 ml mixture of ethanol and water (1/1) at room temperature. This mixture 
was stirred at 130 for 7 hours and 20 minutes, and 800 mL water was added to the reaction mixture at room 
temperature. The resulting suspension was filtered to give crude crystals, and then the crude crystals were subjected 
to re-crystallization from dimethylformamide and water, to give the title compound (32.7 g, 53 % y) as greenish brown 
crystals. 
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(2) 5-(6-Chloro-9H-9-purinvl)-2-pvridvl methyl ether 
[0296] 



CI 




[0297] 10.8 mL cone, aqueous hydrochloric acid was added dropwise to a suspension of 32.7 g of N4-(6-methoxy- 
3-pyrldyl)-6-chioro-4,5-pyrimldlne diamine in 400 mL dimethylformamlde at room temperature, and this mixture was 
stirred at room temperature for 40 minutes and further stirred at 1 00 °C for 20 minutes. The reaction mixture was cooled 
as It was to room temperature, and the resulting suspension was filtered to give crude crystals which were then sub- 
jected to re-crystallizatlon from dimethylformamlde and water, to give 25 g of the title compound as gray crystals (74 
% y.). 

(3) 9-(6-Methoxy-3-pyridyl)-9H-6-purineamine 
[0298] 




OMe 



[0299] A mixture of 25 g of 5-(6-chloro-9H-9-purinyl}-2-pyridyl methyl ether, 250 mL cone, ammonia water and 500 
mL dimethoxyethane was stirred at 70°C for 4 hours, and the resulting suspension was filtered, to give 21.2 g of the 
title compound as white crystals (91 % y.). 
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(4) a-Bromo-9-(6-methoxy-3-pvriclvl)-9H-6-purineamine 



[0300] 




NH2 



N 

>-Br 
N 



6 



OMe 



[0301] 9.03 mL bromine was added dropwise to 21.2 g of 9-(6'methoxy-3-pyridyl)-9H-6-purineamine in a mixture 
(1 .6 L) of dimethylformamide and water In a ratio of 1/1 at room temperature. This mixture was stirred at room tem- 
perature for 7 hours and 25 minutes, and the reaction mixture was filtered to give yellow crystals. A suspension of the 
resulting yellow crystals in a mixture (600 mL) of methanol and tetrahydrofuran In a ratio of 1/1 was stirred at room 
temperature overnight, and the suspension was filtered to give 1 2.3 g of the title compound as white crystals (44 % y.). 
[0302] Then, a solution of 500 mg of 8-bromo-9-(6-methoxy-3-pyridyl)-9H-6-prinamine, 1 .1 5 g of tri-n-butyl (2-pyridyl) 
tin, 180 g of tetral<is(tripheny!phosphine) palladium (0), and a solution of 814 N,N-diisopropyiethylamine in xylene 
(1 5 mL) were stirred at 150 °C for 24 hours and 40 minutes. A small amount of methylene chloride and methanol was 
added to the reaction mixture, and this mixture was filtered through Celite. The filtrate was purified by short-column 
chromatography, to give 351 mg of the desired compound as brown crystals (71 % y.). 

Example 59 5-[6-Amino-8-(2-pyridyi)-9H-9-purinyl]-2i3yrldinol 



[0303] A mixture of 350 mg of 9-(6-methoxy-3-pyridyl)-8-(2-pyrldyl)-9H-6-purineamine and 6 mL cone, aqueous hy- 
drochloric acid was stirred at 105 for 1 hour and 45 minutes. From the resulting yellowish brown oily material, the 
solvent was evaporated, whereby yellowish brown crystals were obtained. The resulting crystals were collected by 
filtration with ethanol, to give 77 mg of the title compound as brown crystals (23% y.). 




NH 



OH 



66 



EP 1 221 444 A1 

Example 60 5-r6-Amino-8-(2-pvridvl)-9H-9-purinvn-1-methyl-1.2-dihvclro-2-pvridinone 



[0304] 

5 



10 




[0305] A solution of 150 mg of 5-[6-amino-8-(2-pyridyl)-9H-9-purinyl]-2-pyridinol, 133 mg of sodium methoxide and 
306 ^iL methyl iodide in 20 mL mixture of methanol and tetrahydrofuran in a ratio of 1/1 was stirred at room temperature 
for 2 hours and 35 minutes and then at 60 °C for 45 minutes. Ethyl acetate and water were added to the reaction 
20 mixture, and this mixture was extracted once with ethyl acetate. The organic layer was washed with brine, and the 
whole aqueous layer was extracted twice with ethyl acetate. The whole organic layerwas dried over magnesium sulfate 
and filtered, and from the resulting residues, the solvent was evaporated, to give 90 mg of the title compound as brown 
crystals (58 % y.). 

1 H NIVIR (400MHz, DMSO-dg) 5 ppm; 3.44 (1 H, s) , 6.43 (1 H, d, J=9.2Hz), 7.42-7.47 (2H, m), 7.53 (2H. brs). 7.96-8.02 
25 (2H, m), 8.16-8.12 (2H,m). 8.49-8.50 (2H, m) 
MS m/e (ESI) (MH+). 

Example 61 2-(3-Fluorophenyl)-3-(6-methoxy-3-pyrldyi)-3l-l-imida2o[4,5-b]pyridine 
30 [0306] 



35 




(1 ) N-(6-Methoxy-3-pyridyl)-N-(3-nitro-2-pyridyl)amine 
[0307] 

45 



50 




[0308] A solution of 15 g of 2-chloro-3-nltropyridine, 11 .7 g of 5-amlno-2-methoxypyridine and 26.1 g of potassium 
carbonate in 1 50 mL dimethylformamide was stirred at room temperature for 4 hours and 25 minutes and further stirred 
55 at 70 ®C for 3 hours and 1 0 minutes. Ethyl acetate and water were added to the reaction mixture, and the mixture was 
extracted once with ethyl acetate. The organic layer was washed 3 times with a satu rated aqueous ammonium chloride 
solution and once with brine, and dried over sodium sulfate. The residue was purified crudely by short-column chro- 
matography. From and the resulting black brown oil was extracted with diethyl ether to give 9.1 0 g of the title compound 
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as reddish brown crystals (39 % y.). 



(2) N2-(6-Methoxy'3-pyridyl)-2,3-pyridinediamine 



[0309] 




[0310] A solution of 9.10 g of N-(6-methoxy-3-pyridyl)-N-(3-nitro-2-pyridyl)amine and 1 g of 10 % palladium carbon 
powder in a mixed solvent (200 mL) of methanol and ethyl acetate in a ratio of 1/1 was stirred at room temperature for 

12 hours and 20 minutes in a hydrogen atmosphere. The reaction mixture was filtered through Celite, and the residue 
was purified by short-column chromatography to give crude crystals. The resulting crude crystals were collected by 
filtration, to give 4.52 g of the title compound as brown crystals (57 % y.). 

[0311] Then, a solution of 2.5 g of N2'(6-methoxy-3-pyridyl)-2,3-pyridine diamine, 1.24 mL 3-fluorobenzaldehyde 
and 3.3 mL acetic acid in 25 mL methanol was stirred at room temperature for 50 minutes. From the reactbn mixture, 
the solvent was evaporated, and the residue was subjected 3 times to azeotropic distillation with toluene to give orange 
crystals. A suspension of 2.06 g of iron (III) chloride anhydride in 25 mL ethanol was added to the resulting crystals at 
room temperature and stirred at 95*^0 for 1 .5 hours. Ethyl acetate and a saturated aqueous ammonium chloride solution 
were added to the reaction mixture, and this mixture was filtered through Celite. The residues were extracted once 
with ethyl acetate, and the organic layer was washed twice with a saturated aqueous ammonium chbrlde solution and 
once with brine In this order. From the residues, the solvent was evaporated, and the resulting brown oil was purified 
by short-column chromatography, to give 1.80 g of the title compound as dark green crystals (48 % y.). 

Example 62 5-[2-(3-Fluorophenyi)-3H-imidazo[4.5-blpyridin-3-yl]-2-pyridinol 



[0313] A mixture of 1 .80 g of 2-(3-fluorophenyl)-3-(6-methoxy-3-pyridyl)-3H-imidazo[4,5-b]pyridine and 20 mL of 47 
% hydrobromic acid was stirred at 100 °C for 3 hours and 35 minutes. The reaction mixtures was evaporated, to give 
a brown oil. This oil was subjected 3 times to azeotropic distillation with toluene, and the resulting brown oil was 
subjected to crystallization from methanol, to give 1.07 g of the title compound as greenish brown crystals (63 % y.). 



[0312] 




OH 
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Example 63 5-[2-(3-Fluorophenyl)-3H-imida2o[4.5-blpvridin-3-vll-1-methvM,2-dihvdro-2^^^ 



[0314] 




[0315] A solution of 250 mg of 5-[2-(3-fluorophenyl)-3H-imidazo[4,5-b]pyridln-3-yl]-2-pyridinol, 177 mg of sodium 
methoxide and 306 ^iL methyl iodide in a mixture (10 mL) of metlianol and tetrahydrofuran in a ratio of 1/1 was stirred 
at room temperature for 1 day. Etiiyl acetate and a saturated aqueous ammonium chloride solution were added thereto 
and the mixture was extracted 3 times with ethyl acetate. The organic layer was washed once with brine and dried 
over magnesium sulfate followed by distilling the solvent away under reduced pressure, to give crude crystals. The 
resulting cnjde crystals were collected by filtration with diethyl ether, to give 160 mg of the title compound as brown 
crystals (61% y.). 

1H NIVIR (400l\/IHz, DMSO-dg) 5 ppm; 3.46 (1H, s). 6.51 (2H. d, J=9.6Hz), 7.38-7.44 (2H, m), 7.55-7,59 {4H, m). 8.18 
(1H, s), 8.23(1 H,d,J=8.0Hz), 8.39 (1H, d, J=4.8Hz) 
MS m/e (ESI) (MH+). 



1 . A condensed imidazole compound, a pharmacologically acceptable salt thereof or hydrates thereof, which is rep- 
resented by the formula (I): 



(wherein represents 1 ) hydrogen, 2) hydroxyl, 3) a halogen atom, 4) an optionally substituted C1 -C8 alkyi group 
or 5) formula -NR'^RS (wherein R'^ and are the same as or different from each other and each represents hy- 
drogen, a CI -C8 alkyI group, a C3-C8 cycloalkyi group, or a C2-C5 saturated cyclic amino group which is formed 
with the nitrogen to which they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the 
nitrogen and may be substituted with a C1-C4 alkyi group which may be substituted with a halogen atom; R^ 
represents 1) hydrogen, 2) a halogen atom, 3) formula -NR^R^ (wherein R@ and R^ are the same as or different 
from each other and each represents hydrogen, a C2-C5 acyl group, a C1-C8 alkyI group or a C3-C8 cycloalkyi 
group, or R® and R^ represent a C2-C5 saturated cyclic amino group which is'formed with the nitrogen to which 
they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the said nitrogen and may be 
substituted with a 01 -C4 alkyI group which may be substituted with a halogen atom), 4) a C2-C8 alkynyl group 
which may be substituted with a halogen atom, hydroxyl, a C1-C4 alkyI group or a C3-C6 cycloalkyi group, 5) a 
C3-C8 alkenyl group which may be substituted with a halogen atom, hydroxyl or a C1 -C4 alky I group, 6) a CI -C8 
alkyI group which may be substituted with a halogen atom, hydroxyl or a C1-C4 alkyI group or 7) a C1-C8 alkoxy 
group which may be substituted with a halogen atom, hydroxyl or a C1-C4 alkyI group; R^ represents 1) a C3-C8 
alkynyl group which may be substituted with a halogen atom, hydroxyl or a C1 -C4 alkyI group, 2) a C3-C8 alkenyl 
group which may be substituted with a halogen atom, hydroxyl or a C1-C4 alkyI group, 3) a C1-C6 alkyI group 
which may be substituted with a halogen atom, hydroxyl or a C1-C4 alkyI group, 4) an optionally substituted aryl 



Claims 
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group, 5) an optionally substituted heteroaryl group, 6) a 1 ,2-dihydro-2-oxopyr!dyl group which may be substituted 
with a) a halogen atom or a 01-06 alKyl group, and whose nitrogen atom may further be substituted with b-1) a 
01-06 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyt 
group, b-2) an optionally substituted 03-06 cycloalky 1-0 1-04 alkyI group or b-3) an optionally substituted 03-06 

5 cycioalkyi group, 7) a dihydroxopyrimidyi group which may be substituted with a) a halogen atom or a 01-06 aikyi 

group, and whose nitrogen atom Is further substituted with b-1 ) aOI -C6 alkyI group which may be substituted with 
a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted 03-06 cy- 
cloalkyl-01 -04 alkyl group or b-3) a 03-06 cycioalkyi group or 8) a dihydroxo- or tetrahydrodioxopyrazlnyl group 
which may be substituted with a) a halogen atom or a 01-06 alkyl group, and whose nitrogen atom is further 

10 substituted with b-1 ) a 01 -06 alkyi group which may be substituted with a halogen atom, hydroxyl or an optionally 

protected carboxyl group, b-2) an optionally substituted 03-06 cycloalkyl-C1-04 alkyi group or b-3) a 03-06 cy- 
cioalkyi group; Ar represents 1) an optionally substituted aryl group, 2) an optionally substituted heteroaryl group, 
3) an oxopyridyl group which may be substituted with a halogen atom or a 01 -06 alkyl group, and whose nitrogen 
atom Is further substituted with a 01 -06 alkyl group or a 03-06 cycioalkyi group or 4) an oxopyrlmidyl group which 

IS may be substituted with a halogen atom or a 01-06 alkyl group, and whose nitrogen atom is further substituted 

with a 01-06 alkyl group or a 03-06 cycioalkyi group; and Q and W are the same as or different from each other 
and each represents N or OH, provided that when R2 is 4) a 02-08 alkynyl group which may be substituted with 
a halogen atom, hydroxyl, a 01 -04 alkyl group or a 03-06 cycioalkyi group, 5) a 03-08 alkenyi group which may 
be substituted with a halogen atom, hydroxyl or a 01-04 alkyl group or 6) a 01-08 alkyl group which may be 

20 substituted with a halogen atom, hydroxyl or a 01 -04 alkyl group, is not 3) a 01 -08 alkyi group which may be 

substituted with a halogen atom, hydroxyl or a 01-04 alkyi group or 4) an optionally substituted aryl group. 

2. The condensed imidazole compound according to claim 1 , a pharmacologically acceptable salt thereof or hydrates 
thereof, wherein R2 is hydrogen atom. 

25 

3. The condensed Imidazole compound according to claim 1 or 2, a pharmacologically acceptable salt thereof or 
hydrates thereof, wherein represents 1 ) an optionally substituted heteroaryl group, 2) a 1 ,2-dihydro-2-oxopyridyi 
group which may be substituted with a) a halogen atom or a 01-06 alkyl group, and whose nitrogen atom may 
further be substituted with b-1 ) a 01-06 alkyl group which may be substituted with a halogen atom, hydroxyl or an 

30 optionally protected carboxyl group, b-2) an optionally substituted 03-06 cycloaIkyl-01 -04 alkyl group or b-3) an 

optionally substituted 03-06 cycioalkyi group, 3) a dihydroxopyrimidyi group which may be substituted with a) a 
halogen atom ora01-C6 alkyl group, and whose nitrogen atom is further substituted with b-1) a 01 -06 alkyl group 
which may be substituted with a halogen atom, hydroxyl, or an optionally protected carboxyl group, b-2) an op- 
tionally substituted 03-06 cycloalkyl-01 -04 alkyl group or b-3) a 03-O6 cycioalkyi group, or 4) a dihydroxo or 

35 tetrahydrodioxopyrazinyl group which may be substituted with a) a halogen atom or a 01 -06 alkyl group, and 

whose nitrogen atom is further substituted with b-1) a 01 -06 alkyl group which may be substituted with a halogen 
atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted 03-06 cyctoalky 1-0 1-04 
alkyl group, or b-3) a 03-06 cycioalkyi group. 

<o 4. The condensed imidazole compound according to any of claims 1 to 3, a pharmacologically acceptable salt thereof 
or hydrates thereof, wherein R^ represents 1 ) an optionally substituted pyrldyl group, 2) an optionally substituted 
pyrlmldyl group, 3) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a 01 -06 
alkyl group, and whose nitrogen atom is further substituted with b-1 ) a 01 -06 alkyl group which may be substituted 
with a halogen atom, hydroxyl or an optionally protected carboxyl group; b-2) an optionally substituted C3-C6 

45 cycloalkyl-01 -04 alkyl group; or b-3) an optionally substituted 03-06 cycioalkyi group, or 4) a dihydroxopyrimidyi 

group which may be substituted with a) a halogen atom or a 01 -06 alkyl group, and whose nitrogen atom is further 
substituted with b-1) a 01 -06 alkyl group which may be substituted with a halogen atom, hydroxyl or an optionally 
protected carboxyl group; b-2) an optionally substituted 03-06 cycloalkyl-01 -04 alkyl group; or b-3) a 03-06 cy- 
cioalkyi group. 

50 

5. The condensed imidazole compound according to any of claims 1 to 4, a pharmacologically acceptable salt thereof 
or hydrates thereof, wherein Ar Is an optionally substituted aryl. 

6. The condensed imidazole compound according to any of claims 1 to 5, a pharmacologically acceptable salt thereof 
55 or hydrates thereof, wherein Ar is a phenyl substituted with a halogen atom. 

7. The condensed imidazole compound according to any of claims 1 to 6, a pharmacolog ically acceptable salt thereof 
or hydrates thereof, wherein Is represented by the formula -NR^R^ (wherein R^ and RS are the same as or 



70 



EP 1 221 444 A1 



different from each other and each represents hydrogen, a C1-C8 alkyl group or a C3-C8 cycloalkyi group, or a 
C2-C5 saturated cyclic annino group which is formed with a nitrogen atom to which they bind, whereupon this ring 
may contain oxygen, sulfur or nitrogen other than the nitrogen and may be substituted with a C1-C4 alkyl group 
which may be substituted with a halogen atom. 

8. The condensed imidazole compound according to any of claims 1 to 7, a pharmacologically acceptable salt thereof 
or hydrates thereof, wherein Ri is amino. 

9. The condensed imidazole compound according to any of claims 1 to 8, a phannacologically acceptable salt thereof 
or hydrates thereof, wherein Is amino; R2 is hydrogen; and R3 Is 1) a pyridyi group which may be substituted 
with hydroxyl or a C1-C6 aikyi group or 2) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a 
halogen atom or a C1 -C6 alkyl group, and whose nitrogen atom may further be substituted with b-1 ) a C1 -C6 alkyl 
group which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group; b-2) an 
optionally substituted C3-C6 cycioalkyi-C1 -C4 aikyi group; or b-3} an optionally substituted C3-C6 cycloalkyi group. 

10. The condensed imidazole compound according to any of claims 1 to 9, a pharmacologically acceptable salt thereof 
or hydrates thereof, wherein R^ is amino, R2 is hydrogen, and R^ is a 1 ,2-dihydro-2-oxopyridyl group whose nitro- 
gen may be substituted with a CI to C6 alkyl group which may be substituted with a halogen atom. 

11. The condensed imidazole compound according to any of claims 1 to 8, a pharmacologically acceptable salt thereof 

or hydrates thereof, wherein R"" is amino, R2 is a C2 alkynyl group which is substituted with hydroxyll group and 
a C4-C6 cycloalkyi group, R^ is a C3 alkenyl group, and Ar is a phenyl substituted with a halogen atom. 

12. The condensed imidazole compound according to claim 1, which is selected from the following group: 

1 ) 5- [6-amino-8-(3-fluorophenyl)-9 H-9-purinyl]-1 -methyl-1 , 2-dihydro-2-pyridinone, and 

2) 1 -{2-[6-amino-8-(3-fluorophenyl)-9-(2-propenyl)-9 H-2-purinyl]-1-ethynyl}-1-cyclobutanol, 

a pharmacologically acceptable salt thereof or hydrates thereof. 

1 3. The condensed Imidazole compound according to claim 1 , a pharmacologically acceptable salt thereof or hydrates 
thereof, which is a purine compound wherein each of Q and W means nitrogen. 

14. The condensed imidazole compound according to claim 1 , a pharmacologically acceptable salt thereof or hydrates 
thereof, which is a benzoimidazol compound wherein each of Q and W means -CH. 

15. The condensed imidazole compound according to claim 1 , a pharmacologically acceptable salt thereof or hydrates 
thereof, which is an imidazopyridine compound wherein one of Q and W is N, and the other Is -CH. 

16. An agent for preventing or treating diabetes mellitus, which comprises the condensed imidazole compound ac- 
cording to any of claims 1 to 15, a pharmacologically acceptable salt thereof or hydrates thereof as the active 
ingredient. 

17. An agent for preventing or treating diabetic complications, which comprises the condensed imidazole compound 
according to any of claims 1 to 15, a pharmacologically acceptable salt thereof or hydrates thereof as the active 
ingredient. 

18. An agent for preventing or treating diseases against which the condensed imidazole compound according to any 
of claims 1 to 15, a pharmacologically acceptable salt thereof or hydrates thereof is effective. 

19. An agent for preventing or treating diabetic retinopathy, which comprises the condensed imidazole compound 
according to any of claims 1 to 15, a pharmacologically acceptable salt thereof or hydrates thereof as the active 
Ingredient. 

20. An adenosine A2 receptor antagonist comprising the condensed imidazole compound according to any of claims 
1 to 15, a pharmacoiogicaily acceptable salt thereof or hydrates thereof. 

21. A pharmaceutical composition comprising the condensed imidazole compound according to any of claims 1 to 15, 
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a pharmacologically acceptable salt thereof or hydrates thereof and a pharmacologically acceptable carrier. 
22. 5-Amlno-1-methyl-2(1H)-pyridon6 oxalate represented by the following formula: 




NH2 



L (C02H)2 



23. A process for producing an acylaminopyndlne compound (A3) represented by the following formula: 



(wherein , R^, R^, Ar, Q and W have the same meanings as defined below, respectively), a salt thereof or hydrates 
thereof, which comprises allowing an aminopyridine compound (A2) represented by the following formula: 



(wherein L"" represents a halogen atom; represents 1 ) hydrogen, 2) a halogen atom, 3) formula -NR^R^ (wherein 
R6 and R^ are the same as or different from each other and represent hydrogen, a C2-C5 acyl group, a C1-C8 
alkyi group or a C3-C8 cycloalkyi group, or R^ and R^ represent a G2-C5 saturated cyclic amino group which is 
formed with a nitrogen atom to which they bind, whereupon this ring may contain an oxygen atom, a sulfur atom 
or a nitrogen atom other than the nitrogen atom and may be substituted with a C1-C4 alkyI group which may be 
substituted with a halogen atom), 4) a C2-C8 alkynyl group which may be substituted with a halogen atom, hydroxyl, 
a C1 -C4 alkyI group or a C3-C6 cycloalkyi group, 5) a C3*C8 alkenyl group which may be substituted with a halogen 
atom, hydroxyl or a C1-C4 alkyl group, 6) a C1-C8 alkyI group which may be substituted with a halogen atom, 
hydroxyl or a 01 -04 alkyl group, or 7) a 01-08 alkoxy group which may be substituted with a halogen atom, 
hydroxyl or a 01 -04 alkyl group; R^ represents 1) a 03-08 alkynyl group which may be substituted with a halogen 
atom, a hydroxyl group or a 01-04 alkyl group, 2) a 03-08 alkenyl group which may be substituted with a halogen 
atom, a hydroxyl group or a 01-04 alkyl group, 3) a 01 -08 alkyl group which may be substituted with a halogen 
atom, a hydroxyl group or a 01-04 alkyl group, 4) an optionally substituted aryl group, 5) an optionally substituted 
heteroaryl group, 6) a 1 ,2-dihydro-2-oxopyridyl group which may be substituted with a) a halogen atom or a 01 -06 
alkyl group, and whose nitrogen atom may further be substituted with b-1) a 01-06 alkyl group which may be 
substituted with a halogen atom, hydroxyl or an optionally protected carboxyl group, b-2) an optionally substituted 
03-06 cycloalkyl-C1-04 alkyl group or b-3) an optionally substituted 03-06 cycloalkyi group, 7) a dihydroxopy- 
rimldyl group which may be substituted with a) a halogen atom or a 01 -06 alkyl group, and whose nitrogen atom 
is further substituted with b-1) a 01-06 alkyl group which may be substituted with a halogen atom, hydroxyl or an 
optionally protected carboxyl group, b-2) an optionally substituted 03-06 cycloalkyl-01-04 alkyl group or b-3) a 
03-06 cycloalkyi group or 8) a dihydroxo or tetrahydrodioxopyrazlnyl group which may be substituted with a) a 




Ar 



{A3) 




(A2) 
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halogen atom or a C1 -C6 alkyi group and whose nitrogen atom is further substituted with b-1 ) a CI -C6 alky! group 
which may be substituted with a halogen atom, hydroxyl or an optionally protected carboxy, b-2) an optionally 
substituted C3-C6 cycloalkyl-C1 -C4 alkyI group, or b*3) a C3-C6 cycloalkyi group; and Q and W are the same as 
or different from each other and each represents N or CH), to react with an acyl compound represented by the 
formula ArCOX (wherein X represents a halogen atom; and Ar represents 1 ) an optionally substituted aryl group, 
2) an optionally substituted heteroaryl group, 3) an oxopyridyl group which may be substituted with a halogen atom 
or a C1-C6 alkyI group and whose nitrogen atom is substituted with a C1-C6 alkyI group or a C3-C6 cycloalkyi 
group, or 4) an oxopyrimldyl group which may be substituted with a halogen atom or a C1 -C6 alkyI group and 
whose nitrogen atom is substituted with a C1-C6 alky! group or a C3-C6 cycloalkyi group). 

24. A process for producing an acylamlnopyridine compound (A3) represented by the following formula: 




(A3) 

(wherein L\ R2, R3, Ar, Q and W have the same meanings as defined above, respectively), a salt thereof or 
hydrates thereof, which comprises allowing an aminopyridtne compound (A2) represented by the folbwing formula: 




(A2) 

(wherein L\ R^, R^, Q and W have the same meanings as defined above, respectively) to react in the presence 
of pyridine with an acyl compound represented by the formula ArCOX (wherein X and Ar have the same meanings 
as defined above, respectively). 

25. The process for producing an acylamlnopyridine compound (A3), a salt thereof or hydrates thereof according to 
claim 23 or 24, wherein R^ is an N-C1-C8 alkyl-2-oxopyrimidinyl group. 

26. A process for producing an imidazopyridine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 




(wherein R^, R^, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
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subjecting an acylaminopyridine compound (A3) represented by the following formula: 




(A3) 

(wherein U, R^, R^, Ar, Q and W have the same meanings as defined above, respectively) to ring-closure reaction 
in the presence of POCI3. 

27. A process for producing an Imidazopyridine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 




(wherein L^ R^, R^, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
subjecting an acylaminopyridine compound (A3) represented by the following formula: 




(wherein , R^, R3, Ar, Q and W have the same meanings as defined above, respectively) to ring-closure reaction 
in the presence of hydrochloric acid or using hydrochloride of an acylaminopyridine compound (A3). 

28. A process for producing an Imidazopyridine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 
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(wherein L\ R2, R3, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
subjecting an acylaminopyridlne compound (A3) represented by the following formula: 




(A3) 

(wherein U, R^, R^, Ar, Q and W have the same meanings as defined above, respectively) to ring-closure reaction 
in NIVIP (1-methyl-2-pyrrolidone) under heating. 

29. The process for producing an imidazopyridine compound (A4). a salt thereof or hydrates thereof according to 
claims 24 to 28, wherein R^ is an N-C1-C8 alkyl-2-oxopyridinyl group. 

30. A process for producing an Imidazopyridine compound (A4), a salt thereof or hydrates thereof represented by the 
following formula: 




(A4) 

(wherein R^, R3, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
allowing an aminopyridine compound (A2) represented by the following formula: 




(A2) 

(wherein L^, R^, R^, Q and W have the same meanings as defined above, respectively) to react with an acyl 
compound represented by the formula ArCOX (wherein X and Ar have the same meanings as defined above, 
respectively); and then subjecting the product to ring-closure reaction. 

31. The process for producing an imidazopyridine compound (A4), a salt thereof or hydrates thereof according to claim 
30, wherein the aminopyridine compound (A2) is converted In one-pot reaction into the imidazopyridine compound 
(A4). 

32. A process for producing an aminoimidazopyridine compound (A5), a salt thereof or hydrates thereof represented 
by the formula: 
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(wherein L\ R2, R3, Ar, Q and W have the same meanings as defined above, respectively), which comprises 
aminating an Imldazopyrldine compound (A4) represented by the following formula: 




(wherein L^ R^, R^. Ar, Q and W have the same meanings as defined above, respectively). 

33. The process for producing an aminoimidazopyridine compound (A5), a salt thereof or hydrates thereof according 
to claim 32, wherein R^ is an N-G1-C8 alkyl-2-oxopyridinyl group. 

34. A process for producing an imldazopyrldine compound (C3), a salt thereof or hydrates thereof represented by the 

formula: 




(wherein R^^ means a C1 -C6 alkyi group which may be substituted with a halogen atom, hydroxy! or an optionally 
protected carboxyl group, an optionally substituted C3-C6 cycloalkyl-C1 -C4 alkyi group, or an optionally substituted 
C3-C6 cycioalkyi group; and R\ the formula: 
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Ar, Q and W have the same meanings as defined above, respectively), which comprises alkylating an imida- 
zopyrldine compound (C2) represented by the following formula: 




O 



(C2) 

(wherein represents 1 ) hydrogen, 2) hydroxyl, 3) a halogen atom, 4) an optionally substituted C1 -C8 aikyi group 
or 5) formula -NR'^RS (wherein R^ and R^ are the same as or different from each other and each represents hy- 
drogen, a C1 -C8 alkyi group or a 03-08 cycloalkyi group, or a 02-05 saturated cyclic amino group which is formed 
with a nitrogen atom to which they bind, whereupon this ring may contain oxygen, sulfur or nitrogen other than the 
nitrogen atom and may be substituted with a 01-04 alkyI group whrch may be substituted with a halogen atom; 
the formula: 




represents dihydrooxopyridinyl or -pyrimidyl, or dihydro- or tetrahydropyrazinyl; and R^, Ar, Q and W have the 
same meanings as defined above, respectively. 

35. A method of preventing or treating diabetes meiiitus; diabetic complications; diabetic retinopathy; diseases against 
which the condensed imidazole compound according to any of claims 1 to 1 5, a pharmacologically acceptable salt 
thereof or hydrates thereof is effective; or diseases against wh ich an adenosine A2 receptor antagonism is effective, 
by administering a pharmacologically effective amount of the condensed imidazole compound according to any 
of claims 1 to 15, a pharmacologically acceptable salt thereof or hydrates thereof. 

36. Use of the condensed imidazole compound according to any of claims 1 to 15, a pharmacologically acceptable 
salt thereof or hydrates thereof, for producing a preventive or therapeutic agent for diabetes meiiitus; diabetic 
complications; diabetic retinopathy; or diseases against which the condensed imidazole compound according to 
any of claims 1 to 15, a pharmacologically acceptable salt thereof or hydrates thereof is effective, or an adenosine 
A2 receptor antagonist. 
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Continuation of Box No.ii of continuation of first sheet (l) 

There have been publicly Icnown benz imidazole, iraidazopyridine and purine 
cotapounds represented by the general formula (I) wherein Ar is axryl such as 
halogenated phenyl or the like; is amino or the like; is aryl, heteroaryl, 
substituted alkyl, alkenyl, or the like; and drug cornpositions containing 
some of the compounds as the active ingredient. Thus, the chemical structure 
of the general fortmila (I) in itself la not considered to be a special technical 
feature for the invention. 

Accordingly, this international application includes at least eight 
inventions: 

among the compounds represented by the general formula (I) , 

. conipounds wherein Is alkyl, alkenyl, or the like 

. con^unds wherein Is phenyl or substituted phenyl/ 

and according to the classification of as set forth in claim 4 

• conipounds wherein R^ is (substituted) pyridyl 

. compounds wherein R^ is (substituted) pyrimidyl 

. compounds wherein R^ is (substituted) 1, 2-dihydro-2-oxo- pyridyl 
. compounds wherein R^ is (substituted) dihydrooxopyrimidyl, 
and processes for the preparations of the compounds; and 
, 5-amino-l-methyl-2 ( IH) -pyridone oxalate, and 

. adenosine A2 receptor antagonists and drug compositions for the treatment 
of diabetes mellitus and complications of diabetes, containing the compounds 
of the general formula (I) as the active Ingredient. 
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